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Abstract: Although destructive earthquakes have not occurred in the instrumental period except for the 30 October 2020 Samos
earthquake (Mw = 6.6), the records show that there were significant earthquakes that caused great destruction in İzmir and its
surroundings in the historical period. However, it is not yet clear which faults are causative for these earthquakes affecting İzmir and its
surroundings. For this purpose, it has been attempted to determine new geological, seismological and environmental data by examining
a large number of original sources, records and old international earthquake catalogs, other than the existing national catalogs used
in seismicity studies in Turkey. In this context, a new local and updated historical earthquake catalog was prepared for İzmir and its
immediate vicinity. The data obtained from the records show that the maximum intensity of some destructive historical earthquakes in
the İzmir region was X. This means that the active faults in İzmir and its immediate vicinity have the potential to generate earthquakes of
up Mw = 7.1 in the future. Details on historical earthquakes strengthen the possibility that these earthquakes may have been generated by
active faults located near the İzmir city settlement. The isoseismic maps created for the first time using historical data, point out that the
highest seismic intensity in the 178, 1688 and 1778 A.D. earthquakes caused destruction in the İzmir city center and nearby settlements
indicate that they were concentrated at a relatively small area in the Bay of İzmir, and tectonically in the hanging-wall of the İzmir Fault.
In the most likely scenario, all these damages observed may be attributed to the western segment of the İzmir Fault (Balçova segment)
since it was defined as the only seismic source around the İzmir Bay in the updated active fault map of Turkey, of course, these data
should be verified by performing detailed paleoseismological studies.
Key words: İzmir region, historical earthquake catalog, historical seismicity, seismic source, isoseismic map

1. Introduction
The İzmir region has been host to many ancient
civilizations due to its location on the Aegean Sea coast
and the presence of a natural harbor, the Gulf of İzmir. As
it has been an important commercial and residential area
since ancient times, most of the significant events affecting
the city have been recorded. Although its geological and
seismological characteristics make it possible that the
earthquake history in İzmir and its immediate vicinity
may date back to earlier periods, catalog data (e.g., Bonito,
1691; von Hoff, 1840; Schmidt, 1879, 1881; Calvi, 1941;
Pınar and Lahn, 1952; Shebalin et al., 1974; Ambraseys,
2009) show that the earthquakes attributed directly to
İzmir were recorded since the second century A.D. In
the following periods, the number of records in which
the effects of the earthquakes are more clearly defined as

earthquakes begun to increase. Records indicate that İzmir
and its surroundings have been considerably affected by
earthquakes of varying intensity since ancient times and
that intense earthquake activity continues to the present
day.
To associate faults with the past earthquakes generated
in the İzmir region can be important data for probabilistic
approaches that will reveal the long-term behavior
of the fault. Although historical records appear to be
nonobjective and unreliable data sources because of their
qualitative characteristics, they allow for the extension
of the seismic activity that predicted for a region beyond
a limited time such as the instrumental period. As the
instrumental records only date back about 100 years, it
is clearly insufficient to characterize long-term seismic
activity (Tan et al., 2008); in other words, the determination
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of the earthquake recurrence interval requires a much
longer time span than instrumental data can provide.
Therefore, in addition to the instrumental records,
preparing a comprehensive data set with the longest
earthquake records possible significantly contributes to
understand the long-term behavior of faults that produce
large earthquakes and to predict their recurrence in the
future. It is necessary to standardize all qualitative and
quantitative characteristics of an earthquake determined
by using multiple sources during cataloging studies and
to convert earthquake parameters into a usable data set
(Albini et al., 2013). However, despite a long historical
background, such a historical earthquake catalog prepared
by such methodology does not exist in Turkey as of yet.
In this study, an example of such research is applied
for the historical earthquakes that occurred in İzmir
and its immediate vicinity, unlike other catalog studies
in Turkey. The historical earthquakes of İzmir were
researched and checked from the earliest dated catalogs
and records in which earthquakes were recorded. Then,
the historical earthquakes that caused destruction in İzmir
and its immediate vicinity were listed in a single catalog in
chronological order with detailed descriptions and updated
references of the earthquakes (see Appendix). Thus, a new
local and updated historical earthquake catalog, which can
render service to seismic hazard assessments of İzmir and
its surroundings, is prepared. In addition, the isoseismic
maps were created for some significant events that are
well-known in the earthquake history of İzmir by using
the obtained data. Therefore, this catalog has a quality
to be used as a guide-source for the paleoseismological
studies that have not yet been done on the active faults in
and around İzmir city.
2. Data sources of historical earthquakes and
methodology
Turkey’s first known historical earthquake catalog,
prepared by Pınar and Lahn (1952), is an important
study because it was a reference for all other subsequent
studies, despite the deficiencies of earthquake definitions.
This study, which listed the earthquakes according to
damage distributions, was updated by Ergin et al. (1967)
and then Soysal et al. (1981). Tan et al. (2008) prepared a
digital database that contains historical and instrumental
earthquakes in Turkey using these catalogs and data of
some neighboring countries. The last historical earthquake
catalog was prepared by Başarır Baştürk et al. (2017).
Today, the historical earthquakes are often listed by using
these catalogs, in any study of the seismicity of Turkey.
While preparing the catalog for İzmir and its
surroundings, three important catalogs (Pınar and Lahn,
1952; Ergin et al., 1967; Soysal et al., 1981) that were often
referred to in the seismicity studies in Turkey were used as
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guide resource. Information of the historical earthquakes
listed in these catalogs was checked and detailed by
scanning multiple resources. Destructive historical
earthquakes were listed according to the oldest source in
which they were recorded, going back as far as possible.
In addition to this, each earthquake record in each catalog
used was compared with the previous ones; and an effort
was made to correct any errors that may occur during
referencing. For this reason, retrospective checks have
been made for each listed earthquake, starting from these
catalogs, and information on the historical earthquakes
that occurred in İzmir and its immediate vicinity has been
attempted to be made complete using earthquake catalogs
given in Table 1.
In listing the historical earthquakes that occurred
in İzmir and its vicinity, the earthquake records and
historical seismicity publications of neighboring countries
to Turkey have been used (Lambros 1910; Galanopoulos,
1963; Antonopoulos, 1979, etc.). The database of the
AHEAD (the European Archive of Historical Earthquake
Data) and the SHEEC (the SHARE European Catalogue),
which are used as international digital catalogs, were
investigated, but were not added to the catalog references
because they compiled data on the İzmir earthquakes from
Shebalin et al. (1974), Soysal et al. (1981), and Papazachos
and Papazachou (1997). Similarly, the recent earthquake
catalogs prepared for Turkey, such as Tan et al. (2008)
and Başarır Baştürk et al. (2017), were not added to the
reference list because they referred to earthquake catalogs
of Turkey that were already used as priority within the
scope of this study. In addition to earthquake catalogs
mentioned in Table 1, archaeological publications, history
books, original memoirs of travelers or merchants who
witnessed the earthquakes, research and review articles
were also used to identify data that could associate the
historical earthquakes with seismic sources in İzmir and its
immediate surroundings. Detailed explanations compiled
from all sources provided the necessary quantitative
and qualitative information for the evaluation and
interpretation of seismic events related to the historical
earthquakes that occurred in İzmir and its surroundings.
Thus, a period of approximately 2400 years from 496 B.C.
to A.D. 1899 was reviewed and a local catalog containing
only destructive earthquakes with Io ≥ VII was prepared.
The impact area, possible epicentral location, intensity and
magnitude values of each earthquake are chronologically
added with related relevant reference information (see
Appendix). A detailed data set was created by combining
different information obtained from many different
historical records for each earthquake into a single catalog.
In historical earthquake studies, it is important to have
an idea of the prevailing social history when the earthquake
occurred. The locations of cities or towns that were already

TEPE et al. / Turkish J Earth Sci
Table 1. National and international earthquake catalogs involving historical earthquakes recorded for İzmir and surrounding
area.
Earthquake
catalogue

Chronological
span

Area

Catalogue language

Bonito (1691)

3700 B.C. – 1690

World

Italian

Seyfart (1756)

up to 18th century

Europe

German

von Hoff (1840, 1841)

3460 B.C. – 1759

World

German

Perrey (1848-1851)

306 B.C. – 1850

Mediterranean

French

Mallet and Mallet (1858)

1606 B.C. – 1842

World

English

Schmidt (1879, 1881)

1000 B.C. – 1842

Mediterranean

German

O’Reilly (1885)

33 – 1890

Europe and adjacent

English

Milne (1911)

7 – 1899

World

English

Sieberg (1932)

2200 B.C. – 1930

Mediterranean

German

Calvi (1941)

historical period

Mediterranean

German

Pınar and Lahn (1952)

11 – 1951

Turkey

Turkish

Engin et al. (1967)

11 – 1964

Turkey

Turkish

Shebalin et al. (1974)

2100 B.C. – 1900

Mediterranean

English

Poirier and Toher (1980)

200 – 1800

Mediterranean

English

Soysal et al. (1981)

2100 B.C. – 1899

Turkey

Turkish

Ganse and Nelson (1982)

200 B.C. – 1979

World

English

Dunbar et al. (1992)

2150 B.C. – 1991

World

English

Guidoboni et al. (1994)

up to 10th century

Mediterranean

English/Italian

Ambraseys and Finkel (1995)

1500 – 1800

Turkey and Middle East

English/Turkish

Papazachos and Papazachou (1997)

550 B.C. – 1995

Greece and adjacent

English/Greek

Ambraseys and Jackson (1998)

464 B.C. – 1995

Eastern Mediterranean

English

Utsu (2002)

1500 – 2000

World

English

Taxeidis (2003)

494 B.C. – 1899

Eastern Agean Islands

Greek

Guidoboni and Comastri (2005)

1000 – 1499

Eastern Mediterranean

English/Italian

Tan et al. (2008)

2100 B.C. – 2007

Turkey

English

Ambraseys (2009)

2100 B.C. – 1899

E. Med. and Middle East

English

Başarır Baştürk et al. (2017)

2100 B.C. – 1899

Turkey and adjacent

Turkish

in existence when the earthquake occurred both provide
information on where records could be expected to come
from and help to constrain the spatial distribution of
the earthquake. In this context, for destructive historical
earthquakes in the İzmir region, the cities and towns that
existed when the earthquake occurred were investigated
and the intensity data regarding the earthquakes were
determined by taking into account the records that come
from these locations. By using the damage information in
the settlements affected by the earthquakes, the intensity
values for the historical earthquakes that occurred in
İzmir and its immediate vicinity were updated according
to the criteria specified in the EMS-98 scale (Table 2). The
intensity data were assessed by damage-based traditional
scales when environmental effects are not available. Also,

the intensity values determined according to the EMS-98
are listed in Table 2 according to their equivalents in MMI
and JMA scales. However, the values assigned according
to the EMS-98 were used in the assessments regarding the
historical seismicity in the region.
The intensity is a classification according to the
nature of effects observed aftermath of an earthquake
and represents the strength of the earthquake based on
observed effects at a given place (Grünthal et al., 1998;
Musson et al., 2010). Although it is thought that it cannot
be able to produce a conversion formula with any specific
earthquake parameter because it is a nonscalar criterion
(Musson et al., 2010), intensity provides information to
determine the principal means such as location, magnitude
and focal depth by which one can parameterize historical
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Table 2. The historical earthquakes (Io ≥ VIII) that caused the destruction in İzmir and its immediate surroundings, and conversions
of intensity/magnitude for these earthquakes (Io, intensity; EMS-98, the European Macroseismic Scale; MMI, Modified Mercalli Scale;
JMA, Japanese Meteorological Agency Scale; ME, maximum magnitude; M, versus magnitude; Mw, moment magnitude; Mw*, possible
moment magnitude; Io values determined according to EMS-98 were used in all conversion formulas; the M values were converted to
MW* using the empirical relations given in S06; other MW values were calculated using the Io values; Equations used in conversions are
taken from following researches ; GR42, Gutenberg and Richter, 1942; PP97, Papazachos and Papaioannou, 1997; S06, Scordilis, 2006;
G09, Grünthal et al., 2009; A19, Alexandrova et al., 2019; LSQ, least square method; OR, orthogonal regression method; see Appendix
for reference list according to ID number).
Intensity (Io)
Date (A.D.) Location

EMS98

MMI

Magnitude
JMA

ME

M

MW*

MW

(GR42)

(PP97)

(S06)

(G09)

7.1

6.9

ID
(A19)
LSQ

OR

7.0

7.1

17

Manisa, Sart

X

X

VI

7.3

7.1

44

Manisa, Efes

IX-X

IX

≤ VI

6.7 – 7.3

6.4 – 7.1 6.3 – 7.1 6.3 – 6.9 6.5 – 7.0 6.6 – 7.1 4

105

Çandarlı Bay

VIII-IX

IX

≤V

6.1 – 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 6

165

İzmir

VIII

VIII

V

6.1

5.7

178

İzmir

IX-X

X

≤ VI

6.7 – 7.3

6.4 – 7.1 6.3 – 7.1 6.3 – 6.9 6.5 – 7.0 6.6 – 7.1 9

688

İzmir

IX-X

IX

≤ VI

6.7 – 7.3

6.4 – 7.1 6.3 – 7.1 6.3 – 6.9 6.5 – 7.0 6.6 – 7.1 10

02.02.1040

İzmir

VIII-IX

VIII

≤V

6.1 – 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 12

1056

İzmir

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

13

22.10.1595

Manisa

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

16

22.05.1654

İzmir

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

21

1668

İzmir

IX

IX

< VI

6.7

6.4

6.3

6.3

6.5

6.6

23

14.02.1680

İzmir

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

24

10.07.1688

İzmir

X

X

VI

7.3

7.1

7.1

6.9

7.0

7.1

25

03.07.1709

Foça

IX

IX

< VI

6.7

6.4

6.3

6.3

6.5

6.6

27

1719

İzmir

VIII-IX

VIII

≤V

6.1 – 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 28

1723

İzmir

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

29

1739

Foça

IX

IX

< VI

6.7

6.4

6.3

6.3

6.5

6.6

31

01.10.1771

Kemalpaşa

IX

IX

< VI

6.7

6.4

6.3

6.3

6.5

6.6

32

24.11.1772

Foça

VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

33

03.07.1778

İzmir

VIII-IX

IX

< VI

6.1 - 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 35

23.06.1845

Manisa

VIII-IX

VIII

≤V

6.1 – 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 38

1850

Kemalpaşa

VIII

VIII

V

6.1

5.7

1862

Turgutlu

VIII-IX

IX

≤ VI

6.1 - 6.7

5.7 – 6.4 5.8 – 6.3 5.6 – 6.3 5.9 – 6.5 6.0 – 6.6 42

29.07.1880

Menemen

IX

IX

< VI

6.7

7.1

7.1

6.3

6.5

6.6

47

15.10.1883

Çeşme Peninsula IX

IX

≤ VI

6.7

7.1

7.1

6.3

6.5

6.6

49

00.05.1888

Çeşme Peninsula VIII

VIII

V

6.1

5.7

5.8

5.6

5.9

6.0

50

earthquakes (Grünthal and Musson, 2020). In addition,
some empirical relations that convert the intensity to
magnitude have long been used in historical earthquake
studies (e.g., Gutenberg and Richter, 1942; Hanks et
al., 1975; Bakun and Wentworth, 1997, etc.). By using
such theoretical approaches, the intensity-magnitude
conversions were made for the historical earthquakes (for

782

5.8

5.8

5.6

5.6

5.9

5.9

6.0

6.0

3

8

40

Io ≥ VII) that occurred in İzmir and its vicinity, and the
maximum magnitudes of historical earthquakes produced
by the seismic sources in this region were estimated (Table
2). In the conversions, the intensity values (Io) determined
according to the EMS-98 were used. The Io values assigned
to destructive earthquakes that occurred in İzmir and
its immediate vicinity were converted into the possible
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maximum magnitude (Mmax) using the formula [Mmax =
1.3 + 0.6 Io] suggested by Gutenberg and Richter (1942).
Similarly, with the relation proposed by Papazachos
and Papaioannou (1997) [Io = 1.43M – 0.22], the M
values corresponding to the Io values were determined.
Afterwards, possible moment magnitude (Mw*) values
were calculated from the M values using empirical
relations that are given by Scordilis (2006). The converted
formulas suggested by Grünthal et al. (2009) [Mw = 0.682Io
+ 0.16] and Alexandrova et al. (2019) [According to LSQ
and OR methods, respectively; Mw = 0.53Io + 1.7 ± 0.4 and
Mw = 0.56Io + 1.52 ± 0.4] were applied for İzmir historical
earthquakes and similar results were obtained. In this
way, by comparing the magnitudes determined according
to different researchers, the earthquake potential of the
seismic sources in İzmir and its vicinity in the historical
period were interpreted.
In previous studies, the active faults that can be the
source of seismic events that occurred in İzmir and its
immediate surroundings were mapped, and their types and
the earthquakes they produced in the instrumental period
were defined. However, it is not yet clear as to whether
these faults produced earthquakes in the historical period,
and if they did, which earthquakes they produced. In
order to reveal this, the data on the historical earthquakes
were detailed by using multiple sources, and the historical
earthquakes were tried to be logically correlated with
the seismic sources in the study area, by interpreting
the geological findings or environmental evidence.
Furthermore, in order to predict the possible locations of
the historical epicenter and the seismic source that caused
the earthquake(s), the intensity data obtained from the
historical records were re-evaluated by considering the
seismic sources in the İzmir region.
On the other hand, the development of objective,
quantitative approaches to analyze intensity data have
sparked renewed interest in earthquake intensity data based
on the assessments of macroseismic effects (e.g., Bakun and
Wentworth, 1997; Gasperini et al., 1999; Musson, 2000).
The parameters obtained by the use of the intensities and
the deviations in these parameters depend on the quantity
and quality of the input data, and these deviations are
also expected to be within the errors introduced by the
data (Papazachos and Papaioannou, 1998). Typically,
the intensity values are used to define isoseismic lines
separating areas of different intensities (Toppozada et
al., 1981; Bakun and Wentworth, 1997). Shebalin (1973)
suggested that the dimension and orientation of a
seismogenic source could be estimated from the ellipticity
of the highest degree isoseismics. Similarly, Gasperini et
al. (1999) suggest that macroseismic intensity data can
use to assess the location and orientation of the source of
destructive historical earthquakes. They specify that the

direction of maximum elongation of the isoseismics is
controlled by the geometry of the seismogenic structure
and the historical epicenter is the barycenter of the highest
intensities. Based on these, according to the damage
information derived from historical records, the intensity
distribution was determined and isoseismic maps (isointensity contour maps) were created for some destructive
earthquakes that occurred in İzmir.
While creating the isoseismic maps, the areas that
were determined to be affected by the earthquake were
marked as points on the map and an intensity value was
assigned to these points according to the damage degree in
that area. Then, intensity contours that limit the intensity
distributions were created using the GIS-based natural
neighbor interpolation method. These maps probably are
the first attempt to quantify the qualitative earthquake
descriptions obtained from the historical data for İzmir
and its immediate surroundings. The relationship of the
seismic sources in and around İzmir with the destructive
historical earthquakes that occurred was interpreted
using the geological and environmental data derived
from the historical records, such as intensity and damage
distribution, liquefaction, landslides, surface deformations,
tsunamis, foreshock and aftershock information. These
probabilistic evaluations based on interpretation of
qualitative data were compared with the drawn isoseismic
maps and it was checked whether there was a good match
between them.
3. Tectonic/seismotectonic background
3.1. Seismotectonic setting of study area
Seismotectonics of the İzmir region is related to the active
tectonic processes that has been shaping West Anatolian
Extensional Province which is one of the most seismically
active and rapidly deforming tectonic areas in the world
(McKenzie, 1978; Dewey and Şengör, 1979; Şengör et
al., 1985; Seyitoğlu and Scott, 1991; Taymaz et al., 1991;
Reilinger et al., 1997; Bozkurt, 2001; Pavlides and Caputo,
2004; Caputo and Helly, 2005). The tectonic activity of
Western Anatolia is characterized by the geodynamic
processes that are originated in the Anatolian plate by the
collision of the Arabian and Eurasian plates. The westward
escape of the Anatolian plate, along the right-lateral North
Anatolian (NAFZ) and left-lateral East Anatolian (EAFZ)
fault zones, is prevented by the continental thickening
occurring in western Greece. As a result, Western Anatolia
moves toward the Africa plate along the Hellenic Arc in
the direction of W-SW with a counterclockwise rotational
movement (Figure 1a) (McKenzie, 1972, 1978; Dewey
and Şengör, 1979; LePichon and Angelier, 1979; Şengör,
1980; Şengör. et al., 1985; Taymaz et al., 1991; Reilinger
et al., 1997; McClusky et al., 2000). This tectonic setting
resulted in the formation of supradetachment and rift
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Figure 1. (a) Simplified regional map showing the main neotectonic structures of Turkey and surrounding regions. Note that the İzmirBalıkesir Transfer Zone (IBTZ) is a structural boundary between the normal fault dominated West Anatolian Extensional Province
(WAEP) and strike-slip dominated North Anatolian Region (NAR) (modified from Şengör et al., 1985; Barka, 1992; Bozkurt, 2001; Uzel
and Sözbilir, 2008; Özkaymak et al., 2013). Abbreviations: WAEP, West Anatolian Extensional Province; IBTZ, İzmir-Balıkesir Transfer
Zone; NAR, North Anatolian Region; NAFZ, North Anatolian Fault Zone; EAFZ, East Anatolian Fault Zone; DSF, Dead Sea Fault;
BZSZ, Bitlis-Zagros Suture Zone; HA, Hellenic Arc; PSA, Pliny-Strabo Arc; CA, Cyprean Arc. (b) Simplified geological map of Western
Turkey showing the faults and location of study area (redrawn from Özkaymak et al., 2011; Uzel et al., 2012, 2013; Özkaymak et al., 2013,
Sümer, 2015, Tepe and Sözbilir, 2016; Emre et al., 2018; Eski et al., 2020). Abbreviations: IF, İzmir Fault; MFZ, Manisa Fault Zone; KF,
Kemalpaşa Fault; SFZ, Seferihisar Fault Zone; GDF, Gediz Detachment Fault; TF, Tuzla Fault; YF, Yağcılar Fault; GFZ, Gülbahçe Fault
Zone; MoF, Mordoğan Fault; DaF, Dağkızılca Fault; GüF, Gümüldür Fault; MB, Manisa Basin; KB, Kemalpaşa Basin; GB, Gölmarmara
Basin, GG, Gediz Graben; KMG, Küçük Menderes Graben.

basins bounded by the low-angle and high-angle normal
faults respectively (Dewey and Şengör, 1979; Şengör et
al., 1985; Seyitoğlu and Scott, 1991; Emre and Sözbilir,
1997; Koçyiğit. et al., 1999; Sözbilir, 2001; Lips et al.,
2001; Bozkurt, 2001, 2003; Bozkurt and Sözbilir, 2004;
Özkaymak and Sözbilir, 2008; Özkaymak et al., 2013).
These basins have formed as intra-continental basins
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trending E-W, NE-SW, and NW-SE in the region (Figure
1b) (Şengör et al., 1985; Seyitoğlu and Scott, 1991; Emre
and Sözbilir, 1997; Yılmaz et al., 2000; Bozkurt, 2001, 2003;
Sözbilir, 2001, 2002; Bozkurt and Sözbilir, 2004). One
of these basins is the Gulf of İzmir, which is among the
westernmost active depression areas in Western Anatolia,
trending approximately E-W on the inside and NNW-
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SSW on the outside (Figure 1b). Recent studies indicate
the presence of an active deformation zone in the region
extending from İzmir to Balıkesir in a NE-SW direction,
called the İzmir-Balıkesir Transfer Zone (IBTZ) (Sözbilir
et al., 2003), is considered to be a shear zone where normal
and strike-slip faults are contemporaneously reactivated
since Miocene (Kaya, 1979; Okay and Siyako, 1991; İnci et
al., 2003; Sözbilir et al., 2003, 2008, 2011; Özkaymak and
Sözbilir, 2008; Özkaymak, 2012; Uzel and Sözbilir, 2008;
Özkaymak et al., 2013).
The study area is located at the intersection of the NESW-trending strike-slip faults of the IBTZ and the E-Wtrending normal faults of the Gediz Graben System. Thus,
the current deformation and the associated seismicity in
the region are controlled by active normal and strike-slip
faults acting together (Figure 1b). As a result of this, the
İzmir region is characterized by intense seismic activity.
Emre et al. (2011, 2013) stated that active faults with
lengths varying between 12 and 70 km in İzmir and its
near surroundings are the N-S, NE-SW, NW-SE, and E-W
trending and they will be capable of producing earthquakes
up to M = 7. Of these, the İzmir Fault has pure dip-slip
kinematics while the others are strike-slip or oblique-slip
normal faults (Emre et al., 2005, 2018).

3.2. Main seismic sources in İzmir and its immediate
vicinity
3.2.1 İzmir Fault
The İzmir Fault is an approximately E-W trending and
N-dipping active normal fault that morphologically
borders the south of the İzmir Bay, which is one of the active
depressions at the westernmost end of the West Anatolian
Extensional Province (Figures 1b and 2) (Barka et al.,
1998; Emre and Barka, 2000; Emre et al., 2005; Uzel et al.,
2012). The İzmir Fault, which is approximately 38 km long,
consists of two parallel and stepping geometric segments
called the Balçova and Pınarbaşı segments (Figure 2). Both
segments are 19 km-long. The Balçova segment where
the İzmir Fault is the best monitored geologically and
geomorphologically controls the inner bay of İzmir (Emre
et al., 2005; Uzel et al., 2012). This segment divaricates at
the westernmost end. To the southwest, it merges with the
right-lateral strike-slip Seferihisar Fault though in a way
possibly continues offshore in the gulf waters with a WNW
extension. The high-angle fault detected in the seismic
studies is considered an ongoing part of the İzmir Fault
under the sea (Aksu et al., 1987; Ocakoğlu et al., 2005).
The Balçova segment is described as Holocene Fault while
the Pınarbaşı segment is shown as Quaternary Fault in

Figure 2. A map showing the main active faults located in İzmir and its immediate vicinity (modified from Sözbilir et al., 2011; Uzel et
al., 2012) (the active faults are taken from Emre et al., 2011). Abbreviations: İF, İzmir Fault; SFZ, Seferihisar Fault Zone; TF, Tuzla Fault;
YF, Yağcılar Fault; GBFZ, Gülbahçe Fault Zone.
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Active Fault Map of Turkey prepared by Emre et al. (2013).
Micro-earthquakes observed along the İzmir Fault in the
instrumental period are concentrated in the western part
of the fault (Akıncı et al., 2000).
3.2.2 Tuzla Fault
The NE-SW trending structural line between Gaziemir
and Doğanbey settlements that located in the southwest
of İzmir is defined as Tuzla Fault (Emre and Barka, 2000;
Emre et al., 2005) (Figure 2). It is thought that the total
length of this fault exceeds approximately 50 km with its
continuation offshore (Ocakoğlu et al., 2004, 2005). It is
accepted that one of the main structural boundaries within
the IBTZ (Uzel and Sözbilir, 2008). Kinematic analysis
studies reveal that the Tuzla Fault moved as a left-lateral in
the Miocene, and reactivated as a right-lateral strike-slip
fault during the Quaternary (Uzel and Sözbilir, 2008).
3.2.3 Seferihisar Fault
The main structural line limiting the Urla Basin and the
Seferihisar High is defined as Seferihisar Fault (Kaya,
1979, 1981; Emre et al., 2005). The Seferihisar Fault, which
is also the eastern border of the Urla Basin, is represented
by a zone of approximately 23 km length and 2–3 km wide
consisting of right-lateral strike-slip fault segments (İnci et
al., 2003; Sümer, 2007) (Figure 2). This fault, which is one
of the main active structures within the İBTZ (Sözbilir et
al., 2003), continues for approximately 10 km on the sea
floor towards the south (Ocakoğlu et al., 2004, 2005). The
Seferihisar Fault was classified as a Holocene fault by Emre
et al. (2018).
3.2.4 Gülbahçe Fault
The N-S trending main line that morphologically and
structurally separates the Urla Basin from the Karaburun
peninsula is defined as the Gülbahçe Fault (Emre et al.,
2005) (Figure 2). It is stated that both ends of this fault,
which is 24 km length on land, continue in the submarine
and its total length can reach approximately 70 km
(Ocakoğlu et al., 2004, 2005; Emre et al., 2005). The fact
that it cuts the youngest units on the sea floor (Ocakoğlu et
al., 2005) indicates that this fault is active in the Holocene
(Emre et al., 2005).
3.2.5 Yağcılar Fault
This fault, named for the first time as the DemirciliYağcılar Fault by İnci et al. (2003), is the N-S trending
main structural line forming the western edge of the Urla
Basin (Figure 2). The Yağcılar Fault between Demircili and
Yağcılar villages and Gülbahçe Bay is defined as a zone of
11 km long and 2 km wide (Sümer, 2007; Sözbilir et al.,
2009). The Yağcılar Fault together with the Seferihisar Fault
merges with the Gülbahçe Fault and they form a negative
flower structure within the Sığacık Bay (Sözbilir et al.,
2009). The Yağcılar Fault, defined as a right-lateral strikeslip fault, is accepted to be one of the active structures in
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the İzmir region (Emre and Özalp, 2011; Emre et al., 2018).
3.3. The instrumental seismicity of the İzmir region
In the instrumental period, it is known that active faults
located in İzmir and its immediate vicinity caused many
earthquakes of different magnitudes, although they are
not destructive and not cause a surface rupture (Taymaz
et al., 1991; Ambraseys and Finkel, 1995; Papazachos and
Papazachou, 1997; Emre et al., 2005; Zhu et al., 2006; Tan
et al., 2008). These events generally caused local damage.
In the broader, where no instrumental earthquake with
M ≥ 6.5 has been recorded more than 200 earthquakes
with M ≥ 3.5 were recorded, among which 15 with M
> 5. Some instrumental data show that seismic activity
was predominantly concentrated along strike-slip fault
zones, though normal fault mechanisms also occurred
(Figure 3). For example, the focal mechanism solutions
of the 1992-Doganbey (Mw = 6.0), 2003-Urla (Mw =
5.7), and 2005-Seferihisar (Mw = 5.9) earthquakes show
strike-slip mechanisms similar to those of other minor
events occurring in or around the NE-SW trending
Tuzla Fault (Türkelli et al., 1995; Tan and Taymaz, 2001),
the NE-SW trending Seferihisar Fault (Tan and Taymaz,
2003; Ocakoğlu et al., 2005), and the NNE-SSW trending
Gülbahçe Fault (Ocakoğlu et al., 2005; Kalafat et al.,
2009), respectively. The focal mechanism solution of
the December 16, 1977 earthquake (Mw = 5.6) in İzmir
indicates that it is associated with the normal faulting on
the E-W trending İzmir Fault (Jackson et al., 1982) (Figure
3). The 1977 earthquake was also the closest earthquake to
İzmir city center, and it was the last damaging event that
occurred during the instrumental period clearly associated
with the İzmir Fault.
3.4. The historical seismicity of the İzmir region
The İzmir city settlement (the ancient name is Smyrna),
which was established in the Bayraklı-Tepekule district in
the northeast of the İzmir Bay in the 3rd millennium B.C.,
was moved to the lowland located in the south of İzmir
inner bay (Baykara, 1974; Akurgal, 1997; Doğer, 2006).
This area is also the place where the İzmir Fault passes
through and is morphologically prominent. Although
historical records indicate that the A.D. 17 earthquake, one
of the strongest earthquakes in western Anatolia, affected
İzmir along with many other cities, the first record directly
attributed to the city of İzmir is the event that was said
to have occurred during the reign of Emperor Claudius
(41-54 A.D.) (Cadoux, 1938; Doğer, 2006). The following
record is the earthquake of A.D. 178, which is known as
one of the greatest seismic disasters in the history of İzmir
(Bonito, 1691; von Hoff, 1840; Mallet and Mallet, 1858;
Schmidt, 1881; Cadoux, 1938; Calvi, 1941; Pınar and Lahn,
1952; Guidoboni et al., 1994; Ambraseys and Finkel, 1995;
Papazachos and Papazachou, 1997; Ambraseys, 2009).
After this earthquake, there is no record of any destructive
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Figure 3. Seismotectonic map showing the instrumental period earthquakes in İzmir and surrounding area. (the active fault data was
created by combining Emre et al. (2011) and Emre and Özalp (2011); [References of focal mechanism solutions; (1) McKenzie, 1972;
(2) Kıyak, 1986; (3) Jackson et al., 1982; (4) Tan and Taymaz, 2001; (5) Tan and Taymaz, 2003; (6) Tan and Taymaz, 2004; (7) Kalafat,
1998; (8) Kalafat, 2009; (9) HRV; (10) NOA; (11) Gök and Polat, 2014; (12) KOERI; (13) AFAD]. Abbreviations: IF: İzmir Fault, SFZ:
Seferihisar Fault Zone, TF: Tuzla Fault, YF: Yağcılar Fault; GFZ: Gülbahçe Fault Zone, MoF: Mordoğan Fault, GüF, Gümüldür Fault;
DaF: Dağkızılca Fault; KF, Kemalpaşa Fault; MFZ: Manisa Fault Zone, MeFZ: Menemen Fault Zone, YFF: Yeni Foça Fault, GHF,
Güzelhisar Fault.

earthquake that occurred in İzmir and its surroundings
until the 7th century. Some sources mention the existence
of archaeological findings belonging to an earthquake that
caused destruction in İzmir in the 6th century (A.D. 551)
(Doğer, 2006; Ersoy, 2012). However, there is no clear
record regarding the earthquake mentioned. According
to the historical records, no seismic activity occurred in
İzmir and its vicinity from the 7th century to the 11th
century. Each subsequent century has at least one record

of destructive earthquakes. According to the records, the
earthquake of July 10, 1688 is another strong earthquake
that caused extensive destruction in İzmir. Historical
records also indicate that the earthquakes that occurred in
688, 1025, 1040, 1056, 1654, 1668, 1680, 1739, 1778 and
1880 A.D particularly affected the city of İzmir (Figure
4). Seismic sources of these earthquakes are likely to be
the main active structures such as the İzmir Fault, Tuzla
Fault, Seferihisar Fault, Gülbahçe Fault and Yağcılar Fault

787

TEPE et al. / Turkish J Earth Sci

Figure 4. A map showing the destructive historical earthquakes (Io ≥ VIII) in İzmir and immediate vicinity (The active fault data was
created by combining Emre et al. (2011) and Emre and Özalp (2011); locations of the earthquakes were compiled from catalogs; see
Appendix for detailed descriptions of earthquakes by ID number).

passing through or close to the İzmir city settlement.
Detailed explanations of these earthquakes are given in
subsection 4.3 and the Appendix.
4. Findings and results
With the rearrangement of the historical earthquakes that
occurred in İzmir and its vicinity by using many different
types of sources, and the correlation of the data obtained,
the following results have been achieved.
4.1. The intensity distribution of the historical
earthquakes
A total of more than 450 earthquakes have been recorded
in and around İzmir, including moderate events (Io ≤
VI) up to the year 1900 according to the data obtained.
Destructive historical earthquakes (Io ≥ VII) affecting
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İzmir and its surroundings are listed in Table 2 with
common macro-seismic descriptions and their locations
accepted in most catalogs are shown in Figure 4. Many
earthquakes ranging in intensity from IV to X occurred in
İzmir and its surroundings. According to the data obtained,
the number of earthquakes with an intensity IV and above
was 439 in the historical period. The epicentral locations
of 333 were recorded as İzmir. There were a total of 45
earthquakes with intensity VIII and above. Approximately
15 of them directly caused major destruction in İzmir city
center and nearby settlements.
The maximum intensity of destructive earthquakes that
occurred in the surroundings of İzmir is X. These values
vary between VIII and X for earthquakes whose epicenters
were recorded as İzmir city (see Table 2). According to the
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data obtained, historical earthquakes with the intensity of
VIII-X in İzmir caused great destructions. The intensity
of the earthquakes, in which most of the buildings were
completely destroyed, was evaluated as X for İzmir city
center. The intensity of earthquakes in which at least
half of structures collapsed is IX. Earthquakes with the
intensity of VIII caused partial destruction in İzmir city.
Furthermore, it is determined that environmental effects
such as ground crack, slope movement become diagnostic
in the intensity of VIII and above. Slight damages generally
occurred in earthquakes with the intensity of VII.
Damage information has not been available for historical
earthquakes with an intensity of less than VII in İzmir
and surroundings. For this reason, the intensity of VII
was accepted as the boundary between the nondamaging
and damaging earthquakes. In other words, this value
can consider as the lower destruction limit for historical

earthquakes that occurred in İzmir and its surroundings.
The data indicate that the number of records is very low,
especially before the 1500s and the number of earthquakes
recorded for İzmir and its surroundings increased as the
instrumental period approached (Figure 5a). Before the
1500s, it is seen that destructive earthquakes with the
intensity of VIII and above were generally recorded, and
these earthquakes occurred in long intervals. After the
1500s, the number of records has considerably increased.
From this period to the present, at least one or two
destructive earthquakes occurred each century and almost
every perceivable earthquake was recorded (Figure 5a).
Similarly, considering only İzmir earthquakes, it is seen
that there is no earthquake record, including moderate
earthquakes that caused partial damage, except for the
178, 688, 1040 and 1056 A.D. earthquakes in İzmir until
the 1600s (Figure 5b). This situation is because even if

Figure 5. a) Intensity distribution graph of historical period earthquakes that occurred in İzmir and its
immediate vicinity during the last ca. 2000 years (the earthquakes with same intensity are shown the circles
with the same color), b) summary graph showing the distribution of destructive earthquakes that recorded in
the İzmir-based in the historical period.
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more earthquakes than is known to have occurred until
a certain period, they were probably not recorded or the
records could not be preserved to the present. On the
other hand, considering the temporal distribution of the
destructive earthquakes (Io ≥ VIII) which are recorded as
İzmir-based, it can be said that an irregular transitiveness
pattern exists in İzmir. In periods when earthquakes were
recorded as completely as possible, it is seen that more
than one destructive earthquake occurred with short
intervals (Figures 5a and 5b). It is understood that different
seismic sources existing in İzmir and its vicinity produced
earthquakes one after another. Short recurrence intervals
of several years do not seem possible for active faults in
western Anatolia. This increase in earthquake frequency
indicates that the active faults that can produce destructive
earthquakes in İzmir may have triggered each other.
Overall, statistical distribution of historical earthquakes
in İzmir and its vicinity indicates that moderate-slight
seismic activity has accompanied the major earthquakes
that occurred with an irregular interval. This irregular
recurrence interval results from the fact that there are
more than one seismogenic sources that can produce
earthquakes in İzmir and its surroundings and the
historical earthquakes have not yet been associated with
the faults in the region. Therefore, the past movements of
the faults located in İzmir and its surroundings should be
identified to better reveal the recurrence interval.
4.2. The conversion of intensities to magnitudes of the
historical earthquakes
Intensity data are capable of constraining the magnitude
of an event with the same order of uncertainty as
individual instrumental magnitude readings (Johnston,
1996). Intensity data give surprisingly robust measures of
earthquake magnitude and this important fact qualifies
the macroseismic method to be used for magnitude
determinations of historical earthquakes (Grünthal
and Musson, 2020). The converting of the intensity to
magnitude provides the most reliable approach for longterm seismicity. Furthermore, such a conversion would
allow the creation of a homogeneous earthquake catalog
which is a useful tool for seismic hazard analysis (Scordilis,
2006; Grünthal et al., 2009; Kadiroğlu and Kartal, 2016;
Grünthal and Musson, 2020). The magnitude can be
determined using the epicentral intensity, the areas affected
by certain intensity levels, and the entire field of intensity
data points (Grünthal and Musson, 2020). The magnitude
values obtained from the different equations in literature
were also compared with each other in order to determine
a magnitude threshold value for historical earthquakes of
İzmir.
The intensity values of destructive historical
earthquakes that occurred in İzmir and its surroundings
were converted to magnitude by using different conversion
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equations that have been derived by various researchers
in the literature in order to accurately determine the
degree of historical seismicity (Table 2). According to the
conversion formulas suggested by Gutenberg and Richter
(1942), the intensity values of the historical earthquakes
that affected İzmir and its surroundings correspond to the
maximum magnitude (Mmax) values varying between 5.4
and 7.3. These values calculated were not included in the
correlation, because the earthquake magnitudes obtained
from the empirical relations suggested by other researchers
give results closer to each other. According to the empirical
relations proposed by Papazachos and Papaioannou (1997)
with a low error rate, the magnitude of the destructive
earthquakes that occurred in İzmir and its surroundings
ranges between 5.7 and 7.1 (Table 2). These M values were
converted into the possible moment magnitude (Mw*)
according to Scordilis (2006) and it was determined that
these values varied between 5.8 and 7.1. It is noteworthy
that the values obtained from both conversions are
compatible with each other. Using the formula suggested
by Grünthal et al. (2009), the magnitude value for the
most severe historical earthquakes (Io = X) in İzmir was
calculated as 6.9. For the destructive earthquakes with the
lowest intensity (Io = VIII), the magnitude is 5.6. When
the equations proposed by Alexandrova et al. (2019) are
applied, it is seen that similar results are obtained (Table
2). As a result of the correlation of the values obtained, it
is determined the Mw value is 6.9–7.1 for the earthquake
with maximum intensity value which occurred in İzmir
and its surrounding in the historical period. This means
that seismic sources in İzmir and its vicinity will produce
earthquakes that can reach the magnitude of 7.1 at
maximum.
In addition, the data obtained show that the magnitudes
of the earthquakes with the Io = VIII corresponds to
a minimum of 5.6 and the earthquakes with the Io = IX
corresponds to a minimum of 6.3 in the historical period.
The correlation between the damage information obtained
from the historical records and the empirical relations
used in this study indicate that the historical earthquakes
with a magnitude of 5.6 and above have a damaging
effect in İzmir and nearby settlements, even if at small
scale. Partial destructions were reported in earthquakes
with the magnitude ranging between 5.6 and 5.9. When
the magnitude values of historical earthquakes reach 6.3,
it has been determined that almost all of the İzmir city
settlement has considerably collapsed, and certain areas
in the surrounding settlements have been destroyed. In
addition, although not given in Table 2, we can say that the
earthquakes with the Mw = 4.8–5.4 (this value corresponds
to the intensity VI-VII) caused small-scale local damage
in the İzmir settlements in the historical period. In brief,
in historical period, an earthquake of minimum 5.4
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magnitudes that produced by seismic sources in İzmir and
its vicinity caused local damages in a certain area of İzmir
city, and an earthquake of 5.9 magnitude caused wider
spread destructions. When the magnitude reached 6.3 and
above, severe destructions occurred in the entire of İzmir
city and the destructions also diffused to surrounding
settlements.
4.3. The correlation between the historical earthquakes
and the seismic sources
The historical earthquake records indicate that the 178, 688,
1025, 1040, 1056, 1668, 1688 and 1778 A.D. earthquakes
caused great destruction in İzmir city center (see Appendix
for detailed explanations). Some of these destroyed almost
the entire city settlement in İzmir (Bonito, 1691; Seyfart,
1756; von Hoff, 1840; Perrey, 1848; Mallet and Mallet,
1858; Slaars and Iconomos, 1868, etc.). The characteristics
of these earthquakes are summarized in Table 3.
The 178 earthquakes caused great destruction in the
city center of İzmir (Bonito, 1691; von Hoff, 1840; Mallet
and Mallet, 1858). The tax exemption in İzmir for 10 years
after the earthquake (von Hoff, 1840; Mallet and Mallet,
1858) shows that the city was destroyed to such an extent
that it needed to be rebuilt. It is highly probable that such
destruction was caused by a seismic source close to the city
center. The historical records show that this earthquake
occurred in a low elevation area located north of Mount
Pagus, today known as Kadifekale, and extending to the
sea. This area, which was the city center of its period, is
within the boundaries of the Konak district where today
the Pınarbaşı segment of the İzmir Fault starts. It is also
stated in the records that the harbor slid towards the sea
due to the earthquake (Cadoux, 1938). This points out
that the destruction was caused by a movement created
by dip-slip kinematics. The geological data referring to
the surface faulting, liquefaction, and movement direction
indicate that the earthquake might have occurred with the
movement of the İzmir Fault. Another possibility is that
the destruction may have occurred in the city center of
Smyrna in the 178 earthquake due to the transfer of energy
released by the movement on the Tuzla Fault or Seferihisar
Fault to the İzmir Fault. However, the old sources do not
indicate whether there was any damage or destruction
to the settlements such as Klazomenia, Teos, etc. that
located near these faults. Moreover, it was reported that
the 178 A.D. earthquake destroyed the most magnificent
buildings such as the city council, theatre, gymnasium and
Agora that were located in the Smyrna city center. These
structures, whose ruins are still found today, built from
marble blocks were the most durable structures in the
city under the conditions of that period. Therefore, if this
earthquake was produced by other faults located outside
the city center and it could destroy the largest structures in
one of the significant port cities, it should have also caused

destruction or damage to settlements nearby. Major
destruction in a single settlement suggested the movement
of a fault located close to the destruction area. Therefore,
for this earthquake, considering the İzmir Fault and
Tuzla Fault will be the primary approach. Additionally,
archaeological researches revealed that the destructions
in the 178 A.D earthquake compatible with the strike of
the İzmir Fault. The isoseismic map created according to
the extent of damage caused by the 178 A.D. earthquake
in İzmir (Smyrna) and its surrounding settlements shows
that the distribution of the intensity is compatible with the
location of the İzmir Fault (Figure 6). As a rule, maximum
elongation of the highest degree isoseismals is controlled
by the geometry of the seismogenic structure (Gasperini
et al., 1999). Therefore, it was suggested that the 178 A.D.
earthquake might have been probably caused by the İzmir
Fault.
The 688 and 1025 A.D. earthquakes caused great
destruction in the city center of İzmir. These earthquakes
were recorded in the catalogs as İzmir-based. The only
information about these earthquakes is that they caused
great destructions and a large number of losses of life in
İzmir city. It can be thought that these earthquakes were
caused by the movement of a fault close to the ancient
city center. Therefore, it is possible that the seismogenic
sources of these earthquakes are the İzmir Fault, the Tuzla
Fault or the Seferihisar Fault that is located near of İzmir
city settlements due to the lack of large damage records in
the surrounding settlements. Furthermore, the absence of
specific records about these earthquakes may even suggest
that they were originated from an active fault far from the
city center.
The 1040 A.D. earthquake was recorded as a destructive
earthquake for İzmir (Smyrna). It was recorded that
it caused geological effects such as surface faulting,
liquefaction, landslides in Smyrna city (Seyfart, 1756;
von Hoff, 1840; Mallet and Mallet, 1858). Considering its
effects in the city center, it can be considered that the İzmir
Fault or the Tuzla Fault may be the seismogenic sources for
this earthquake. However, it is stated that this earthquake
caused great damage to the Agamemnon hot springs and
the canals that collected water from the springs on the
slopes in the vicinity (Alatepeli, 2016). Agamemnon hot
springs are located on the Balçova segment of the İzmir
Fault. This data strengthens the probability that the 1040
A.D. earthquake may be originated from the İzmir Fault.
In addition, the western end of the Balçova segment of the
İzmir Fault almost intersects with the Seferihisar Fault.
Therefore, it should not be ignored that an earthquake
that may be produced by the Seferihisar Fault may affect
the Balçova region. Moreover, it may be possible for both
faults to trigger each other.
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Table 3. Characteristics of destructive historical earthquakes affecting İzmir city settlements (see
Appendix for detailed descriptions of earthquakes according to ID Number).
Date (A.D.)

Location

Type effect

ID

178

Smyrna (İzmir)

- surface faulting
- geomorphological changes
- wide ground crack
- ground movement/collapse
- landslide
- great destruction in whole of the city
-damages in surrounding settlements

9

688

İzmir

- severe damage
- high mortality rate in the city

10

1025

İzmir

- great destruction
- high mortality rate in the city

11

İzmir

- ground cracks
- landslide
- hydrogeological anomalies
- great destruction in whole of the city
- damages in surrounding cities

12

İzmir

- wide ground cracks
- soil compactions in certain areas
- anomalous sea-surface waves
- great destruction
- overthrown trees

23

İzmir

- 30 s
- movement from W to E
- surface faulting (?)
- wide ground cracks
- ground settlements
- anomalous sea-surface waves
- black water emitting from cracks
- sulfur smell
- overthrown trees
- great destruction in whole of the city
- damages in surrounding cities
- high mortality rate
- aftershocks

25

İzmir

- 15 s
- wide ground cracks
- ground settlement
- landslide
- hydrogeological anomalies
- great destruction in whole of the city
- damages in surrounding cities
- high mortality rate
-aftershocks

35

02.02.1040

1668

10.07.1688

1778

Sieberg (1932) and Calvi (1941) mentioned that the
earthquake of. 1056 A.D. had a devastating effect on İzmir
city. There is no other detail about this earthquake apart
from this information. Similarly, the 1668 A.D. earthquake
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caused also heavy damage in İzmir city. Considering the
effects such as damage distribution, cracks, dilation of the
ground surface and loss of life that occurred in the İzmir
city center, it is possible to correlate the 1668 earthquake
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Figure 6. Isoseismic map created for the 178 A.D. earthquake according to the damage data in İzmir and its surroundings.

with the İzmir Fault. However, no specific location has
been identified for surface deformations occurring with
the earthquake. There is no record of whether these
earthquakes caused destruction to the surrounding
settlements located outside of İzmir city. For this reason,
any seismic source close to İzmir city center can be the
source of these earthquakes.
The earthquake of July 10, 1688, is the most wellknown, well-described and largest historical earthquake
affecting the city of İzmir. It almost destroyed the whole
city, and the damage distribution was concentrated along
with the low elevation areas in the southern part of the
İzmir inner bay (Rolleston, 1856; Slaars and Iconomos,
1868). The fact that the destruction was greater in the
alluvial plain that constitutes the hanging-wall of the
İzmir Fault is a significant datum that can relate the
earthquake to the İzmir Fault. The collapse of the ground
where the Sancak Castle is located on the coastal area
between Narlıdere and Balçova towards the sea (Bonito,
1691; von Hoff, 1840; Slaars and Iconomos, 1868; von
Scherzer, 1873) show that the movement develops with
the normal faulting mechanism. von Hoff (1840) states
that the earthquake was caused by an E-W trending fault.

These information support that the 1688 A.D. earthquake
can be related to the movement of the Balçova segment of
the İzmir Fault. The lateral ruptures in the alluvial plain
show that the earthquake caused the surface faulting.
Lateral spreading from west to east along the coast
indicate that the movement started between Narlıdere
and Balçova and proceeded towards Konak. However, no
data could be found relating to the fact that the Pınarbaşı
segment accompanied this movement. The presence of
marine organisms on land (Slaars and Iconomos, 1868)
supports the notion that a tsunami effect developed with
the earthquake. The coastal line carried to the inner parts
due to the collapses that were seen along the coast give
rise to the thought that the moving part of the Balçova
segment with stair-step like morphology may have been
submerged. Most of the data support the idea that the
seismogenic source that caused the 1688 A.D. earthquake
is the İzmir Fault.
The isoseismic map was created by using the damage
distributions for the 1688 A.D. earthquake suggests that
the maximum elongation of the isoseismal that was created
from the intensity distributions seems to be compatible
with the location of the İzmir Fault (Figure 7). All the
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Figure 7. Isoseismic map created for the 1688 A.D. earthquake according to the damage data in İzmir and its surroundings.

buildings that were completely destroyed and were heavily
damaged in the 1688 A.D. earthquake were marked on
the İzmir city plan (Figures 8a and 8b). Depending on
the damage degree, the intensity in Sancak Castle and its
vicinity were determined as X and were determined as
IX-X in the İzmir city settlement (Figure 8a). Earthquakes
generate different intensities decreasing with distance from
the epicenter because of decay the shaking strength. For
this reason, the area between Balçova and Konak, where
the intensity value is the highest, can be considered as the
epicenter for the 1688 A.D. earthquake. Therefore, the
1688 A.D. earthquake is more likely to be associated with
the İzmir Fault. In addition, when the collapsed buildings
in the city settlement are marked on the İzmir city plan,
it is seen that there is a parallel intensity distribution to
the İzmir Fault (Figure 8b). This supports the relationship
between intensity distribution and fault geometry, similar
to the Boxer method suggested by Gasperini et al. (1999).
Conversely, it is observed that the most damaged locations
are along the southern coasts of İzmir bay in the 1688 A.D.
earthquake. This may be because the reported seismic
damage in coastal regions may be in part caused by offshore
events. The epicenters of offshore events can be mistakenly
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placed in coastal regions based on the spatial distribution
of seismic intensities. Therefore, another possibility is that
the 1688 A.D. earthquake may have originated from active
inland faults located in the southern offshore of İzmir bay.
The earthquake that happened in 1778 A.D seems to
be equivalent to the 1688 A.D. earthquake in terms of its
effects generated in İzmir city center (Slaars and Iconomos,
1868). The records indicate that the surface deformations
occurred with the earthquake (Clarke, 1880). The place
where the surface deformations were observed was given
as Frank Street. This area is located in the hanging-wall of
the Pınarbaşı segment of the İzmir Fault. Ground dilations
and big fissures recorded in this area are thought to be the
surface faulting that the Pınarbaşı segment of the İzmir Fault
may produce. On the other hand, some studies indicate
that faults triggered landslides (Keefer, 1984, 2002; Dramis
and Blumetti, 2005; McCalpin, 1996, 2009). The areas
affected by landslides in the earthquakes correlated with
earthquake magnitude (intensity for the historical period)
and the percentage of landslides decreases as it moves
away from the fault plane (Keefer, 1984, 2002). Similarly,
Hancox (2002) specified that landslides triggered by the
earthquake could contribute to the determination of the
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Figure 8. Map showing the damage distributions of the 1688 A.D. earthquake in İzmir city settlement (a) Sketch showing İzmir city
settlement in the 17th and 18th century (drawn by captain Richard Copeland; from Pınar, 2020) , (b) İzmir city plan showing the
locations of the buildings that were destroyed and critically damaged in İzmir in the 1688 A.D. earthquake (Plan de Smyrne, drawn by
Lamec Saad; from Pınar, 2020) (completely destroyed-X, critically damaged-IX; 1-Turkish customs building, 2-St.Photini church, 3-St.
John/Jesuits (St.Yuhanna) church, 4-St. Polycarp/Capuchins church, 5-Center Catholic/Congregationists church, 6-Kemeraltı mosque,
7-Başdurak mosque, 8-Şadırvanaltı/Bıyıklızade mosque, 9-Fazlızade mosque, 10-Kestanepazarı mosque, 11-Sipahipazarı mosque,
12-Kurşunlu mosque and inn, 13-St.Georgios (Aya Yorgi) church, 14-Çorakkakpı mosque, 15-Fazlıoğlu inn, 16-Suluhan, 17-Kızlarağası
inn, 18-Hisar (Büyük) mosque, 19-French hospital (Belle vue street), 20-Portugal synagogue, 21-Natırzade mosque, 22-Pinto synagogue,
23-St.Maria church; locations of the buildings were compiled from Erdoğan, 1968; Aktepe, 1974; Pınar, 2020).
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epicenter and magnitude of the earthquake by providing
an indication of the area affected by the earthquake. The
study by Keefer (1984) indicates that earthquake-induced
landslides do occur also at intensities lower than VII. Just
after the 1778 A.D. earthquake, there are records showing
that landslides occurred in certain parts of İzmir city
(Clarke, 1880). It is stated that the landslide developed
from the high elevations of Pagus Mountain towards the
flat areas in İzmir city center. Furthermore, considering
its environmental effects, the 1778 A.D. earthquake
corresponds to an earthquake with an intensity of IX.
Theoretically, it seems possible that this earthquake could
cause such a landslide. Moreover, it was reported that a
similar landslide occurred in the same area in the 178
A.D. earthquake. The records of landslides attributed
to the same area for earthquakes occurring at different
times may consider that these landslides were triggered by
earthquakes and were the product of similar movements.
Therefore, it is possible to think that the seismic sources
of the 178 and 1778 A.D. earthquakes may be similar
when other information on earthquakes are taken into
account. Similarly, Figure 9 shows the isoseismal map of
the 1778 A.D. earthquake. It is seen that the isoseismals
are compatible with the İzmir Fault. In addition, a few
days after the main shock of this earthquake, another
severe shaking occurred and it has been noted that this
shock caused collapses on the coast of Urla (Ambraseys
and Finkel, 1995; Ambraseys, 2009). Due to the effects
recorded in different areas for two event, it may be thought
that the first movement triggered another seismic source
located nearby.
The earthquakes described above were associated with
active faults in İzmir and its immediate vicinity according
to the correlation of geological and environmental effects
obtained from the historical records, in addition to the
intensity data and damage distributions. In fact, the
number of historical earthquakes that caused destruction
or damage in İzmir city settlement is higher than those
mentioned above (see Appendix). However, it was thought
that the seismic sources of the earthquakes that caused
more destruction in other settlements compared to İzmir
city would be closer to the settlements with the highest
destruction and those earthquakes were excluded from
this evaluation (such as 17, 1389, 1654, 1739, 1880 A.D.
earthquakes).
5. Discussion
Historical earthquakes are generally used with their
characteristics given in the national earthquake catalogs in
also most studies of seismicity in Turkey. Although the first
national earthquake catalog prepared by Pınar and Lahn
(1952) for Turkey contains brief descriptions concerning
the devastating earthquakes that happened in the İzmir
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region, the epicentral location and intensity information
of the earthquakes are not provided. The authors stated
that the information on earthquakes listed in this catalog
was compiled from Turkish and foreign sources. However,
the lack of information regarding from which of these
references the records of the earthquake are taken creates
uncertainty.
The next other two catalogs (Ergin et al., 1967 and
Soysal et al., 1981) are presented as an extended version
of the first catalog with the addition of coordinate and
intensity information. Although there are important
sources defining the quantitative characteristics of
earthquakes, the fact that some information given for the
same earthquakes differs in both catalogs again creates
uncertainty for seismicity studies. In these catalogs, the
coordinates of all earthquakes occurring in the İzmir region
are expressed with the same latitude/longitude values,
pointing to a single point. In addition, although they refer
to the same sources for earthquake descriptions, it is seen
that the intensity/magnitude values of some earthquakes
with the same date are different in both catalogs. Similar
problems experienced in the catalog studies carried out
in the following years. Actually, all of these catalogs are
compilations of previous catalogs before themselves, and
the earthquake information in most of them does not go
back further than Pınar and Lahn (1952). Therefore, what
needs to be done to eliminate such uncertainties in catalog
studies is to access the oldest available records or sources
by checking the catalog references, to verify and elaborate
the characteristics of the historical earthquakes defined in
the catalogs.
Accordingly, in this study, retrospective studies were
performed for each historical earthquake listed for İzmir
and its immediate vicinity by using the catalog or records
before the catalog of Pınar and Lahn (1952), and correlation
of all catalogs was provided. In addition to national and
international catalogs, gathering earthquake information
compiled from many sources in a single catalog, and
defining earthquakes chronologically according to the
source from which they were taken helped to minimize
the existing uncertainties and deficiencies. Thus, it can
be said that a comprehensive catalog was prepared, open
to the control of the information provided, for at least
the historical earthquakes that occurred in İzmir and its
vicinity.
Although the intensity defines qualitative descriptions
of the effects of the earthquakes on people, manmade structures, and the ground surface, it cannot be
ignored because earthquake losses are what intensity
scales describe (Howell and Schulz, 1975; Bakun and
Wentworth, 1997; Grünthal et al., 1998; Musson et al.,
2010). Therefore, the effects that relate to shaking, such
as movement of objects and damage to buildings or
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Figure 9. Isoseismic map created for the 1778 A.D. earthquake according to the damage data in İzmir and its surroundings.

natural surroundings are important criteria in scaling
the intensity. Although they are qualitative records based
on observations, intensity data contain a great deal of
information that can be used to constrain the essential
characteristics of the seismic source. Data compiled
from the historical catalogs indicate that the locations of
cities or towns with the most severe damage have been
recorded to be epicenters of historical earthquakes. This
means that the area with the highest intensity values for at
least 15 earthquakes of the İzmir region is the İzmir city
settlement. Additionally, earthquakes generate different
intensities generally decreasing with distance from the
epicenter (Grünthal and Musson, 2020). Therefore,
according to their intensity distributions, it can be
considered that the active faults that are the source of
these 15 earthquakes are close to İzmir city. However, it
should be kept in mind that the epicenter of an earthquake
can be much further away from the area with the most
severe damage. Therefore, apart from seismic damage
records in the historical literature, other macro-seismic
effects that are perceptible effects of earthquakes should
also be considered.

The uncertainty in the epicenters of the historical
earthquakes is one of the main reasons why the
historical catalogs cannot be used as a reliable data set.
The possibility of the sketchy and deficient reporting
of earthquakes also increases this uncertainty. Current
catalog data show that the locations of historical events
are determined by probabilistic approaches considering
the nature of seismicity. For an earthquake that occurred
in the historical period, the place where the damage was
the highest often was recorded as the epicenter of that
earthquake. However, the damage or destruction that may
be caused by a severe earthquake could be much more
in an area where located miles away from the seismic
source, or the earthquake damages especially reported for
coastal settlements such as İzmir may reflect the effects of
the submarine faults on land. For example, on October
30, 2020, at 14:51, it was determined that the Samos
earthquake with a magnitude of 6.6, which mainly affected
the Aegean coast and neighboring islands, was generated
by a submarine fault off the northern coast of Samos island
(KOERI). Although, it was reported that slight damages
in the Samos island was located near the seismic source
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that caused the earthquake, the place that had the most
destructions was in İzmir-Bayraklı, which is approximately
70 km away from the epicenter. This situation has also
shown that any earthquake that may cause destruction
in İzmir may not be originated from only active faults
in İzmir and its immediate vicinity. In other words, even
if the seismic sources of the historical earthquakes that
caused destruction in İzmir city settlement are far away
from İzmir, it can be thought that the epicenters of they
may have been given as İzmir because of only considering
the damage degree. Nevertheless, it is seen that the damage
distributions of earthquakes that cause destruction in
İzmir or its vicinity in the instrumental period are also
concentrated on or near the possible seismic sources
(for example, 1928 Torbalı earthquake, 1949 Karaburun
earthquake, etc.). Therefore, it is also not a wrong approach
to consider the movement of a nearby seismic source for
historical earthquakes that caused more destruction or
damage in İzmir city settlement compared to other areas.
Moreover, scientific research suggests that the epicenter of
historical earthquakes is assumed to be located in the area
of highest intensity, and hence in the area of the highest
damage (Bakun and Wentworth, 1997; Grünthal et al.,
1998; Musson et al., 2010, etc.). Namely, a remote seismic
source could cause destruction or damage in İzmir city,
but a seismic source located in the near-field is more likely
for a great destruction affecting much of the İzmir city.
The destruction that occurred at the 2020 Samos
earthquake appears to be related to the dynamics of
structures and the ground conditions at the destruction
area rather than the proximity or distance to the seismic
source. In the Bayraklı settlement, it was seen that five or
more story buildings located within the old coastline were
destroyed or severely damaged. Therefore, it is thought
that the destructions of the Bayraklı settlement on the 2020
Samos earthquake were caused by the nonearthquakeresistant structures built on the alluvial ground. In
this context, it is possible that areas of İzmir built on
nonengineered or natural soft grounds will experience
greater effects from near and regional earthquakes than
other areas at comparable distances. In the historical
period, low-rise building profiles made of stone, brick,
or mud-brick were common in İzmir city settlements.
Considering that the 2020 Samos earthquake is not
effective in low-rise buildings, it is a more realistic approach
that the historical earthquakes that destroyed almost
all of the İzmir city settlements on the same geological
basis and ground conditions were caused by active faults
located in or near İzmir city settlement. In addition,
when the destruction area of the 2020 Samos earthquake
is compared with that of the historical earthquakes, it is
seen that their impact areas do not coincide with each
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other (Figure 10). The absence of any residential area
around Bayraklı in the historical period may explain this
situation. However, settlements that were destroyed in
the historical earthquakes in İzmir city and still exist in
the same areas today were not affected by the 2020 Samos
earthquake (such as the old Smyrna settlement, which was
destroyed in the 178 A.D. earthquake and whose remains
are in the same area today). That is, earthquakes affecting
different areas within İzmir city settlement were probably
generated by different seismic sources. The damage degree
may increase or decrease with the distance to the seismic
source, but it cannot be the only criterion for determining
the seismic source.
It is clear that effects such as the geology and tectonics
of the area, ground conditions, the earthquake dynamics
of the structures and the use of earthquake-resistant
building materials should also be taken into account in
the near or long-distance earthquake evaluations. Since
the conditions are not stable in every area of İzmir city,
it is more likely that earthquakes that affected the whole
city settlements in the historical period were generated by
seismic sources passing through or near İzmir city center.
Data obtained from the records show that the seismic
sources in the İzmir region were responsible for 26
destructive earthquakes with the intensity of VIII and
above in the historical period. It is estimated that seven
of these earthquakes were caused by the main active faults
near İzmir city settlement. This means that the intensity
values of historical earthquakes producing by these active
structures correspond to magnitudes ranging from 5.6
to 7.2 at present. Consequently, it can be said that the
maximum earthquake magnitudes that the main seismic
sources in or near İzmir city, which is known to be active,
can produce today will reach up to 7.2. On the other hand,
some studies conducted by Tocher (1958) and Wells and
Coppersmith (1994) have suggested that the magnitude
of the earthquake may be related to the length of the
fault. Wells and Coppersmith (1994) suggest that a 15
km long fault can produce an earthquake of magnitude
6.4–6.7 (Mw = 4.86 + 1.32 × log Lr normal ± 0.34 × nd;
Mw = 5.16 + 1.12 x log Lr strike-slip, Lr, length of the fault;
nd, standard deviation). Similarly, it is suggested that a
fault with the abovementioned length can produce an
earthquake of magnitude 6.5 (Ms = 0.90 × log L + 5.48;
L, fault length; Pavlides and Caputo 2004). Therefore,
when these equations suggested by the researchers are
applied to active faults of the İzmir region, with their
lengths varying between 12 and 50 km, it can be said that
an earthquake with a magnitude of Mw = 6.3(min) – 7.1(max)
and Ms = 6.4(min) – 7.0(max) may occur with the rupture of
any of these faults (the minimum Mw and MS values were
calculated for the 12 km, and the maximum values are for
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Figure 10. Google Earth image showing the destruction/damage areas of the 178, 1688 and October 30, 2020 earthquakes (the red
squares show residential areas of İzmir city in the historical period. In other areas, there are no settlements as today).

the 50 km). The Mw values associated with the length of
the fault seem to be compatible with the Mw values of the
historical earthquakes that are thought to be produced by
the active faults in the İzmir region. Accordingly, when all
data combined, it is possible to say that the main active
seismic source has the potential to generate earthquakes
with Mw = 6.5 and greater. Similarly, Emre et al. (2016) also
stated that the active faults in İzmir and its surroundings
can produce earthquakes with magnitudes ranging from
6.3 to 6.7. On the other hand, Papazachos et al. (2004)
suggested empirical relations that reveal the lengths of
seismic sources that produce earthquakes of a certain
magnitude (for strike-slip faults, log L = 0.59M – 2.30;
for dip-slip faults, log L = 0.50M – 1.86; 6.0 ≤ M ≤ 8.0, L,
fault length). The proposed conversions have been applied
to the magnitude values calculated for the historical
earthquakes occurring in İzmir and its surroundings.
Accordingly, the length of a seismic source that produces
earthquakes with magnitudes varying between 6.9 and 7.2
in the historical period is between 38 and 54 km. Similarly,
for magnitudes between 5.6 and 6.3, the length of the fault
varies between 9 and 19 km. The obtained fault length
according to the proposed magnitudes is compatible with
the known lengths of active seismic sources in İzmir and its
immediate surroundings. Therefore, it can be said that the
magnitude values suggested for the historical earthquakes
are acceptable values.

6. Conclusion
In this study, the historical seismicity of the İzmir region
was evaluated by using many different earthquake catalogs
and original sources. In this context, all the data obtained
from these sources are combined in a single catalog, and
thus a new local historical earthquake catalog was prepared
for İzmir and immediate vicinity. Each earthquake listed
in the catalog is given with its detailed descriptions. This,
which could be used as a source for future studies, has
also the characteristic of a useful data set for seismic risk
assessments of İzmir and its immediate surroundings.
Twenty-six historical earthquakes that caused great
destructions in İzmir and its vicinity were determined.
Considering the damage information and environmental
effects compiled from the records, the intensity values of
these historical earthquakes that occurred in İzmir and
its surroundings were rearranged according to different
intensity scales. The intensity values determined were
converted to magnitude values by using various empirical
relations, and in this way, the quantitative expressions
of historical earthquakes have been tried to estimate at
today’s earthquake scale. The maximum intensity value
was determined as X for historical earthquakes that
occurred in İzmir and its surroundings. Earthquakes with
the intensity of IX are statistically more. The intensity of
almost every earthquake that caused great destructions
in İzmir city center is in the IX-X range. This means that
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the seismic sources located in İzmir and its vicinity can
produce destructive earthquakes with a possible maximum
magnitude varying between 6.3 and 7.1.
In addition, destructive earthquakes occurred in İzmir
at short and irregular intervals in the historical period.
It is known that active faults in İzmir and surroundings
do not produce earthquakes with such short recurrence
intervals due to their nature. This means that the historical
earthquakes that caused destruction in İzmir originated
from the movement of different faults. Therefore,
earthquakes occurring at short intervals indicate that
active faults in İzmir and immediate vicinity may have
triggered each other.
With the reevaluation of the historical records, the
isoseismic maps were created for the 178, 1688 and 1778
A.D. earthquakes for the first time. Data obtained from
the historical records indicate that the impact areas of
these earthquakes are mostly concentrated on the alluvial
plains in the hanging-wall of the İzmir Fault’s segments.
These maps created according to the intensity distribution
show that the source orientations of these earthquakes
are reflected in the elongation of the associated damage
pattern. The direction of the isoseismics is compatible
with the trending of the İzmir Fault. There are probabilistic
evaluations based on interpretation. However, it is not clear

yet whether these earthquakes were caused by the İzmir
Fault. Apart from these, the 688, 1040, 1056 and 1668
A.D. earthquakes also caused great destruction in İzmir
city settlements. However, as specific details regarding
these earthquakes could not be obtained, it could not
be interpreted which seismic source located might have
produced these earthquakes.
In order to clarify whether the earthquakes identified
within the scope of this study were produced by the İzmir
Fault or other active faults, paleoseismological studies
supported with age data on these fault segments must be
performed in the near future.
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Appendix
Annotated catalog of historical earthquakes (IO ≥ VII) affecting İzmir and its immediate
vicinity
The 494 B.C. arthquake

ID: 1

Reference

Location

Long. / Lat.

IO

M

Papazachos and Papazachou
(1997)

Chios (Sakız island)

38.400 N / 26.200 E

VII

M=6.2

Taxeidis (2003)

Chios

38.360 N / 26.130 E

VII

Mw=5.6

Ambraseys (2009)

Chios

-

VII

-

The 304-303 B.C. earthquake

ID: 2

Reference

Location

Long. / Lat.

IO

M

Calvi (1941)

Smyrna (İzmir)

-

-

-

Soysal et al. (1981)

İzmir and Aydın

-

VII

-

Guidoboni et al. (1984)

İonia

-

-

-

Taxeidis (2003)

İonia

38.000 N / 27.500 E

VI

Mw=4.6

Ambraseys (2009)

İonia

-

-

-

The 17 A.D. earthquake

ID: 3

Reference

Location

Long. / Lat.

IO

M

Bonito (1691)

Magnesia

-

-

-

von Hoff (1840)

Asia Minor

-

-

-

Mallet and Mallet (1858)

Asia Minor

-

-

-

Milne (1911)

Asia Minor

-

-

-

Sieberg (1932)

Asia Minor

-

-

-

Calvi (1941)

Asia Minor

-

-

-

-

-

-

37.850 N / 27.300 E

X

-

Pınar and Lahn (1952)
Ergin et al. (1967)

İzmir, Efes, Aydın,
Manisa, Alaşehir, Sart
İzmir, Efes, Aydın,
Manisa, Alaşehir, Sart

2

Shebalin et al. (1974)

-

38.400 N / 27.200 E

X

-

Soysal et al. (1981)

Manisa, Sart, Muradiye

-

IX

-

Ganse and Nelson (1982)

Turkey

37.900 N / 27.300 E

X

-

Dunbar et al. (1992)

İzmir, Efes, Aydın

37.900 N / 27.300 E

X

M=7.5

Guidoboni et al. (1994)

Asia Minor

-

-

-

Papazachos and Papazachou
(1997)

Sardeis (Sart)

38.630 N / 27.590 E

X

M=7.0

Ambraseys and Jackson (1998)

Sardeis

37.450 N / 27.800 E

X

Mw=7.2

Taxeidis (2003)

Sardeis

38.470 N / 27.150 E

X

-

Ambraseys (2009)

Lydia

-

-

M≥7.8

The Roman historian Tacitus, in his work The Annals, mentions that twelve famous Asian cities
were destroyed by an unexpected earthquake that took place in 17 AD. According to his account,
the mountainous areas collapsed and the ground level rose upwards. In the earthquake that
occurred at night, people did not have the opportunity to take shelter in open areas, and even
people in the resulting stampede fell into the cracks that opened up in the ground. The earthquake
affected the city of Sardis (Sart) most greatly, and Sardis received the principal share from the aid
provided.
Similarly, Strabon mentions, in his Geographika, that Magnesia (Manisa) and Sardis in the
foothills of Mount Sipylos were destroyed by a large earthquake. Although he did not provide a
precise date, the destruction refered to be probably related to the 17 AD earthquake. Because,
according to his account, Sardeis, which had a regular reconstruction system, lost this order in an
earthquake that occurred during the reign of Tiberius and was reconstructed similar to all the other
cities affected by the earthquake. He also mentions that walls were split and some parts of the city
collapsed in Philadelphia.
Pliny notes, in his Naturalis Historia, that the 17 AD earthquake which destroyed 12 Asian cities
overnight, was the largest earthquake engraved in human memory during the emperorship of
Tiberius Caesar.
It is mentioned in the Greek texts of Eusebius, that 13 cities in the Asian region known as Lydia
(Sardeis, Magnesia, Ephesus, Mosthene, Caesarea, Philadelphia, Tmolos, Temnos, Cyme,
Myrhina, Apollonia, Dia and Aegae) were destroyed in the 17 AD earthquake (Bonito, 1691; von
Hoff, 1840; Mallet and Mallet, 1858). The earthquake affected an area bordered by Philadelphia
in the east, Aegae in the west, Apollonia in the north, and Ephesus in the south (von Hoff, 1840).
Although Eusebius mentions that the 13 cities were destroyed, he mentions that the city of
Hyracania was also affected by the earthquake (von Hoff, 1840). Sieberg (1932) states that the
earthquake that spread from Asia Minor destroyed Ephesus, Manisa, Sart, and Alasehir, while
Calvi (1941) states that the earthquake that destroyed Manisa, Sart and Ephesus affected 8 more
other cities. Pınar and Lahn (1952) state that the earthquake was a major disaster that destroyed
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the N-S region of Izmir, and the grabens of Gediz and Buyuk Menderes. The outer center location
of the earthquake is probably in the area of Gediz Graben (Calvi, 1941). Pınar and Lahn (1952)
state that the outer center location of the earthquake cannot be determined due to the large
destruction area. Ambraseys (2009) states that the earthquake affected a distance of 140 km along
the Hermus valley within a 45-km radius.
The earthquake that destroyed, or severely damaged, almost all 13 cities in Asia Minor affected
Sardis and Magnesia most profoundly. Apart from these two cities, the other cities, which were
affected by the earthquake, were exempt from tax for five years by Roman Imperial Decree
(Guidoboni et al., 1994; Papazachos and Papazachou, 1997; Ambraseys, 2009). In an epigram
written by the poet Bionor, it is stated that this earthquake formed deep cracks on the surface of
the city of Sardeis (Guidoboni et al., 1994; Papazachos and Papazachou, 1997; Taxeidis, 2003).
The earthquake caused the mountains to lower and the plains to rise. Landslides and fires were
also added to the damage (Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys, 2009).

The 42 or 44 A.D. earthquake

ID: 4

Reference

Location

Long. / Lat.

IO

M

Schmidt (1879; 1881)

Magnesia and Ephesus

-

-

-

Calvi (1941)

Magnesia and Ephesus

-

-

-

Pınar and Lahn (1952)

Manisa and Efes

-

-

-

Ergin et al. (1967)

Manisa and Efes

38.200 N / 27.400 E

VII

-

Shebalin et al. (1974)

-

38.500 N / 27.250 E

IX-X

-

Soysal et al. (1981)

Manisa and Efes

38.500 N / 27.400 E

-

-

Dunbar et al. (1992)

-

38.200 N / 27.200 E

X

-

Ambraseys (2009)

Smyrna and Ephesus

-

-

-

The earthquake destroyed the cities of Magnesia and Ephesus, and formations of cracks and holes
were observed on the soil ground as a result (Schmidt, 1879, 1881; Calvi, 1941). Pınar and Lahn
(1952) state that the earthquake probably came from an upper center in the Izmir N-S region.
Ambraseys (2009) states, unlike others, that the earthquake affected Smyrna (Izmir), Chios, Teos,
Erythrae, and Ephesus. Greek historian Malalas mentions an earthquake that destroyed many
Asian cities whose names he did not give except for Ephesus and Smyrna. He also states that
Cladius, the ruler of the period, applied a policy of tax reduction in Smyrna (İzmir) due to the
damage (Ambraseys, 2009). The fact that the city of Ephesus did not receive financial aid shows
that the damage was not as serious as in Smyrna (Ambraseys, 2009).

The 46 or 47 A.D. earthquake

ID: 5

4

Reference

Location

Long. / Lat.

IO

Shebalin et al. (1974)

-

36.500 N / 25.500 E

> VII

Soysal et al. (1981)

Santorini

36.500 N / 25.500 E

-

Guidoboni et al. (1994)

Ephesus, Miletus,
Laodicea, Hierapolis,
Chios, Smyrna

-

-

Papazachos and Papazachou
(1997)

Samos

37.840 N / 27.160 E

VIII

M=6.9

Taxeidis (2003)

Samos

37.740 N / 27.140 E

IX

Mw=6.6

Ambraseys (2009)

Ionia, Miletus

-

-

The 105 or 106 A.D. earthquake

M

ID: 6

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Asia Minor and Greece

-

-

-

Sieberg (1932)

-

-

-

-

Calvi (1941)

Çandarlı Bay

-

-

-

Pınar and Lahn (1952)

Çandarlı Bay

-

-

-

Ergin et al. (1967)

Çandarlı Bay

39.500 N / 27.000 E

VIII

-

Shebalin et al. (1974)

-

38.900 N / 27.000 E

X

M=6.4

Soysal et al. (1981)

Çandarlı Bay

-

-

-

Dunbar et al. (1992)

-

39.500 N / 27.000 E

X

-

Guidoboni et al. (1994)

Cyme, Elaea, Myrina,
Pitane

-

-

-

Papazachos and Papazachou
(1997)

Asia Minor, Elaea

38.900 N / 27.000 E

VIII

M=6.4

Taxeidis (2003)

Asia Minor

38.850 N / 26.980 E

IX

Mw=6.7

Ambraseys (2009)

Cyme

-

-

-

von Hoff (1840) wrote that Eusebius mentioned a severe and widespread earthquake that took
place in Asia Minor in 105 AD. According to Eusebius' account, the earthquake affected four
cities in the region called Menesia (Terrae motus magnus Menesiae regionis IV urbes concussit:
Elaeam, Myrrhinam, Pyitanas et Cymas) (von Hoff, 1840; Calvi, 1941; Guidoboni et al., 1994;
Papazachos and Papazachou, 1997; Taxeidis, 2003). In the same year, a devastating earthquake
took place in two coastal cities (Opus and Oreus) in Greece (von Hoff, 1840). Eusebius brought
together two different earthquakes that took place in Asia Minor and Greece in the same period
(Guidoboni et al., 1994; Papazachos and Papazachou, 1997). Taxeidis (2003) states that the
destruction in two different areas was caused by the same earthquake and that the earthquake that
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occurred on the east coast of the Aegean Sea probably moved up to the other side of the Aegean
Sea. The earthquake destroyed all the cities on the shores of Candarli Bay (Calvi, 1941; Pınar and
Lahn, 1952; Soysal et al., 1981). The earthquake zone was between Smyrna (Izmir) and
Adramyttium (Edremit) Bay (Sieberg, 1932). Similarly, Ambraseys (2009) mentions that the
earthquake destroyed the cities of Cyme, Myrina, Elaea and Pitane within a 10-km diameter
around Adramyttium Bay and that these cities received financial aid from the empire for
reconstruction. It is mentioned in an inscription found in the town of Ulucak near Magnesia about
road repairs that were made in the postearthquake period in the western part of Yamanlar
Mountain, from Smyrna (Izmir) to the north (Ambraseys, 2009).

The 160 A.D. earthquake

ID: 7

Reference

Location

Long. / Lat.

IO

Bonito (1691)

Smyrna (İzmir)

-

-

von Hoff (1840)

Smyrna

-

-

Mallet and Mallet (1858)

Smyrna

-

-

O’Reilly (1885)

Smyrna

-

-

Calvi (1941)

Smyrna

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VII

-

Soysal et al. (1981)

Smyrna

38.410 N / 27.200 E

VII

-

Guidoboni et al. (1994)

Smyrna

-

-

-

The 165 A.D. earthquake

M

ID: 8

Reference

Location

Long. / Lat.

IO

M

Bonito (1691)

Smyrna (İzmir)

-

-

von Hoff (1840)

Smyrna

-

-

Mallet and Mallet (1858)

Smyrna

-

-

O’Reilly (1885)

Smyrna

-

-

Calvi (1941)

Smyrna

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VII

-
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Soysal et al. (1981)

Smyrna

38.410 N / 27.200 E

VIII

-

Guidoboni et al. (1994)

Smyrna

-

-

-

The 178 A.D. earthquake

ID: 9

Reference

Location

Long. / Lat.

IO

M

Bonito (1691)

Smyrna (İzmir)

-

-

-

von Hoff (1840)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

Schmidt (1879; 1881)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Sieberg (1932)

Smyrna and Aegean islands

-

-

-

Calvi (1941)

Smyrna and Aegean islands

-

-

-

Pınar and Lahn (1952)

İzmir and Aegean islands

-

-

-

Ergin et al. (1967)

Smyrna

38.600 N / 26.650 E

VII

-

Shebalin et al. (1974)

-

38.400 N / 27.200 E

IX

-

Soysal et al. (1981)

İzmir, Milet, Sisam island

38.400 N / 27.100 E

X

-

Guidoboni et al. (1994)

Smyrna

-

-

-

Papazachos and
Papazachou (1997)

Smyrna

38.300 N / 27.100 E

VIII

M=6.5

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

X

Mw=7.2

Ambraseys (2009)

Smyrna

-

-

-

According to the account of Eusebius, an earthquake that destroyed the city of Smyrna (Izmir)
occurred in 177 or 178 AD, and Marcus Aurelius, the ruler of the period, exempted Smyrna for
10 years from tax by providing financial aid for the reconstruction of the city due to the terrible
damage caused by the earthquake (Bonito, 1691; von Hoff, 1840; Mallet and Mallet, 1858; Calvi,
1941; Guidoboni et al., 1994; Papazachos and Papazachou, 1997). The earthquake ruined Smyrna
and the city was almost completely rebuilt (Bonito, 1691; von Hoff, 1840; Mallet and Mallet,
1858; Schmidt, 1879, 1881). Although Bean (1997) mentions that the earthquake only caused
damage to Smyrna, it was reported that after the earthquake that Marcus Aurelius also subsidized
many cities other than Smyrna (Schmidt, 1879, 1881; Guidoboni et al., 1994). Taxeidis (2003)
states that the destructive effect of the earthquake was to a lesser degree in the surrounding cities.
Similarly, Ambraseys (2009) mentions that neighboring cities, including Ephesus, 55 km to
Smyrna, had either little or no damage. Pınar and Lahn (1952) state that the earthquake caused
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damage in Izmir and the Aegean islands. The earthquake was also felt in Miletus, Chios, and
Samos (Schmidt, 1879, 1881).
Most of the details of this earthquake are in the discourse of Publius Aelius Aristeides (Cadoux,
1938; Yakut, 2015). These discourses of Aristeides are important in that they are the only
document concerning the earthquake (Yakut, 2015). Aristeides, who was not present in Smyrna
when the earthquake occurred, was deeply impressed when he heard about the incident and
convinced the emperor Marcus Aurelius about the reconstruction of the city by expressing the
magnitude of the disaster in his style (Cadoux, 1938; Yakut, 2015). Aristeides describes the
earthquake in his discourses as follows:
.... " O Zeus, what shall I do now? When Smyrna falls, can I bear sitting still? Even if all the
Greeks and barbarians on the earth are one body, their powers are not enough to take on this
disaster... Time that brings everything in and away, why on earth did you destroy this city after
you discovered it, and built it up advertently... O the fountains, roads, streets, public areas! ... , O
the theatre, the magnificent and splendid Agora! ... O the ports yearning and burning to embrace
their city! ... O the indescribable beauty of gymnasions, O the temples, O the elegance of the
surrounding areas, O the seaside monuments! ... Where on earth did you go, where on earth were
you buried… Which tear is enough to describe such a big disaster? You, the city which
overshadowed all the cities with its beauty and civilization, and now has even overshadowed the
fall of Rhodos! (Orations, XVIII, The Requiem of Smyrna). ” (Yakut, 2015).
… ”O, my great emperors. Smyrna, the pupil of Asia, has been devastated by earthquake and fire.
Give a helping hand in the name of the gods, please. Smyrna, which has become Asia's most
popular city, is now experiencing its most unfortunate days in its history. Remember what you
said and how you were affected when you entered the city. Now all beauties have been devastated.
That harbor you saw closed her eyes. The beauty of Agora is gone. The splendor of the streets has
disappeared. Gymnasions are devastated. Some of the temples were destroyed, some were buried
underground. It was once the most magnificent of the cities, now filled with corpses and debris.
Asia looks into your eyes and begs you to pity Smyrna. Smyrna is waiting to be saved… (Orations,
XIX, the Letter About Smyrna)” (Yakut, 2015).
The earthquake is the largest earthquake reported in Smyrna (Izmir) from ancient times until 1500
AD (Taxeidis, 2003). Almost all of Smyrna became a pile of debris in the earthquake. The theater,
Agora, and the temple, erected in the name of Tiberius, were destroyed along with many other
main buildings. Some of the buildings fell into the crevices formed, and the inner harbor was
blocked due to landslides occurred in opposite hills (Cadoux, 1938; Gültekin, 1951; Doğer, 2006).
It is stated that the earthquake caused geomorphological changes in Smyrna and formed wide
crevices on the ground (Guidoboni et al., 1994; Papazachos and Papazachou, 1997; Taxeidis,
2003; Doğer, 2006). Philostratus and Cassius Dio mention, while discussing the attempts of
Aristedis, that the crevices on the earth crust due to the earthquake destroyed the city (Yakut,
2015). The State Theater and Agora were rebuilt after the 178 AD earthquake (Bean, 1966;
Baykara, 1974; Doğer, 2006). Archaeological studies show that, together with Agora, the Western
Portico and the Basilica were also highly affected by the earthquake and were greatly renewed
after the earthquake (Laroche, 2003; Ersoy, 2012). The in situ locations of the ruins that appeared
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in the basement of the Basilica show that the earthquake might have occurred with a movement
in a broken line in the direction of approximately W-E or WNW-ESE- (Koparal, 2007).

The 688 A.D. earthquake

ID: 10

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Smyrna (İzmir)

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

IX

-

Shebalin et al. (1974)

-

38.500 N / 27.000 E

IX-XI

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.000 E

IX

-

Ganse and Nelson (1982)

-

38.400 N / 27.200 E

IX

-

Dunbar et al. (1992)

Smyrna

38.410 N / 27.200 E

IX

-

There is a limited amount of detailed explanations regarding the earthquake. According to the
catalog data, it was a very severe earthquake. The earthquake caused severe damage in Smyrna
and around 20 thousand people lost their lives (Pınar and Lahn, 1952). The 688 AD earthquake,
one of the most destructive earthquakes affecting the city of Smyrna, is the earthquake with the
highest mortality rate (Gates and Ritchie, 2007).

The 1025 A.D. earthquake

ID: 11

The city of Smyrna was devastated by an earthquake that occurred in 1025 AD (Baykara, 1974;
Ersoy, 2012). Georgios Kedrenus, the Byzantine writer, wrote that the earthquake that occurred
in the early 11th century caused destruction both in the Smyrna city center and other residential
areas surrounding it, and many people lost their lives (Ahrweiler, 1965; Doğer, 2006). Many
buildings of administrative, military and religious nature were built in Izmir between 969 and 976
AD by the emperor of the period, however, the earthquake that occurred in 1025 caused the
destruction of many of these buildings (Das, 2009).

The 1040 A.D. earthquake

ID: 12

Reference

Location

Long. / Lat.

IO

M

Bonito (1691)

Smyrna (İzmir)

-

-

-

Seyfart (1756)

Smyrna

-

-

-

von Hoff (1840)

Smyrna

-

-

-

9

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Milne (1911)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VII

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.150 E

VII

-

Papazachos and Papazachou
(1997)

Smyrna

38.400 N / 27.300 E

VIII

M=6.8

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

IX

Mw=6.6

Guidoboni and Comastri (2005)

Smyrna

38.250 N / 27.090 E

IX

-

Ambraseys (2009)

Smyrna

-

-

-

This terrifying earthquake caused great destruction in almost the whole of the city of Smyrna
(Bonito, 1691; Seyfart, 1756; Perrey, 1848). In the earthquake in which many people died, the
city became a large pile of debris (Bonito, 1691). The Byzantine historian Cedrenus states that the
earthquake took place on February 2, 1040 (von Hoff, 1840; Mallet and Mallet, 1858; Taxeidis,
2003; Ambraseys, 2009). According to Cedrenus's account, Smyrna took on a terrifying view and
many of the most beautiful buildings of the city collapsed (Papazachos and Papazachou, 1997;
Taxeidis, 2003). Landslides occurred after this earthquake in the Smyrna (Bonito, 1691; von Hoff,
1840). The earthquake, which was largely destructive in Smyrna, was also felt in the surrounding
cities and also caused damage to them (von Hoff, 1840; Mallet and Mallet, 1858; Papazachos and
Papazachou, 1997; Taxeidis, 2003; Guidoboni and Comastri, 2005; Ambraseys, 2009). It is
mentioned that the earthquake caused damage to many cities in the east of Smyrna and the
neighboring islands of Smyrna (Taxeidis, 2003). Some researchers, such as Calvi (1941) and Pınar
and Lahn (1952) report that the earthquake caused destruction or damage only in Smyrna.
Ambraseys (2009), however, states that although many cities around Smyrna were damaged, only
the name of Smyrna was mentioned. Similarly, Taxeidis (2003) states that it could have serious
effects in the surrounding cities as it is defined as a terrible earthquake. Downey (1955) informs
that the earthquake was felt even in Istanbul. Milne (1911), defined the 1040 earthquake as a level
II earthquake, in terms of its devastation power. According to the researcher, such earthquakes
are destructive earthquakes that create cracks and crevices in the ground and may cause landslides
in certain areas.
Research shows that the earthquake damaged the water tanks located in the West Portico part of
Smyrna Agora to a compensable extent and the canals that collected water from the springs on the
slopes of the city suffered severe damage. Also, archaeological findings show that the ancient bath
complex of Agamennon hot springs also suffered great damage in the earthquake (Alatepeli,
2016). On the other hand, the excavations carried out in Foca revealed that the Byzantine period
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city walls surrounding the peninsula that were made of soil were damaged in the earthquake in
1040 and that the Roman Temple of Athena made of marble was destroyed (Özyigit, 2017).

The 1056 A.D. earthquake

ID: 13

Reference

Location

Long. / Lat.

IO

M

Sieberg (1932)

Smyrna (İzmir)

-

-

-

Calvi (1941)

Smyrna

-

-

-

Soysal et al. (1981)

İzmir and its
surroundings

38.000 N / 27.000 E

VIII

-

A devastating earthquake occurred in Smyrna in 1056 and it was recorded that the earthquake was
felt even from Istanbul (Calvi, 1941).

The 1296 A.D. earthquake

ID: 14

Reference

Location

Long. / Lat.

IO

M

Sieberg (1932)

Pergamon (Bergama)

-

-

-

Calvi (1941)

Pergamon

-

-

-

Pınar and Lahn (1952)

Pergamon

-

-

-

Soysal et al. (1981)

Pergamon

-

VII

-

Papazachos and Papazachou
(1997)

Pergamon

39.100 N / 27.300 E

IX

M=6.8

Ambraseys and Jackson (1998)

Soma

39.200 N / 27.400 E

-

-

Taxeidis (2003)

Pergamon

39.110 N / 27.180 E

X

Mw=7.2

Guidoboni and Comastri (2005)

Pergamon

39.060 N / 27.270 E

X

M=6.3

Ambraseys (2009)

Chliara (Soma-Bergama)

-

-

-

In July 1296, a terrible earthquake occurred in Bargama and its surroundings that affected many
cities (Sieberg, 1932; Calvi, 1941). The Byzantine historian Pachimeres mentions an earthquake
that caused destruction in 64 settlements in the region called Persis including Pergamon
(Bergama) and Chliara (Kirkagac) on 17 July 1296 (Papazachos and Papazachou, 1997; Taxeidis,
2003; Guidoboni and Comastri, 2005). The earthquake probably spread to some areas beyond the
Sagarios (Sakarya) river and to the Neocastra (Akhisar) area in the west (Papazachos and
Papazachou, 1997; Ambraseys, 2009). Many large buildings, churches, and houses were
destroyed in the earthquake. Chliara castle collapsed to the ground, and, the walls of some
buildings in Pergamon came down. In many areas, the surface of the ground was cracked, and
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water outflows were observed from the cracks formed (Papazachos and Papazachou, 1997;
Taxeidis, 2003; Guidoboni and Comastri, 2005; Ambraseys, 2009). It was noted that new springs
appeared and liquefaction occurred on the ground (Guidoboni and Comastri, 2005). Pınar and
Lahn (1952) state that this earthquake may be the same as the earthquake that occurred in Istanbul
in the same year.

The 1388 or 1389 A.D. earthquake

ID: 15

Reference

Location

Long. / Lat.

IO

M

Maravelakis (1938)

Chios (Sakız island)

-

-

-

Pınar and Lahn (1952)

Smyrna (İzmir) and
Chios

-

Ergin et al. (1967)

Smyrna and Chios

38.400 N / 26.300 E

VI

-

Shebalin et al. (1974)

-

38.500 N / 26.500 E

X

-

Soysal et al. (1981)

Chios

38.400 N / 26.300 E

IX

-

Galanopoulos (1981)

Chios

-

IX

-

Papapzachos and Papazachou
(1997)

Chios

38.400 N / 26.300 E

VIII

M=6.7

Soloviev et al. (2000)

Chios and Asia Minor

38.250 N / 26.250 E

X

M=6.8

Taxeidis (20039

Chios

38.250 N / 26.570 E

X

Mw=7.2

Guidoboni and Comastri (2005)

Chios

38.160 N / 26.310 E

VIII-IX

M=5.8

Ambraseys (2009)

Chios

-

-

-

-

The 1595 A.D. (22 September) earthquake

ID: 16

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (1995)

Gediz River

-

-

-

Papazachos and Papazachou
(1997)

West Anatolia, Urganlu

38.500 N / 28.000 E

VIII

M=6.4

Ambrseys and Jackson (1998)

Ahmetli

38.500 N / 27.900 E

-

-

Taxeidis (2003)

Manisa, Sart

38.660 N / 27.640 E

-

Mw=5.3

Ambraseys (2009)

Gediz River

-

-

-

On the evening of September 22, 1595, a local earthquake occurred in the lower parts of the Gediz
River, causing damage (Ambraseys and Finkel, 1995). The earthquake caused damage in the
towns of Urganlu (Turgutlu), Sart, Seyyid, and Ahmetli, and in the villages of Gedik, Bostanci,
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Hamza Cavus, Azizli, and Yapulu. In the area next to Barcinli village, where the Ilicak river twists,
the ground was opened up to 9400 m2 and water gushed from the opened slit to the sky as high
as the highest minaret (Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997;
Ambraseys, 2009). Tearings occurred in the ground up to the Geduslu bridge on the road to
Manisa (Taxeidis, 2003). The damage spread to Akhisar, and in some areas, tar-like black water
emerged from the openings on the ground (Ambraseys and Finkel, 1995).

The 1611 A.D. earthquake

ID: 17

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (1995)

Magnesia (Manisa)

-

-

-

Taxeidis (2003)

Magnesia

38.600 N / 27.430 E

VII

Mw=4.9

Ambraseys (2009)

Magnesia

-

-

-

The 1625 A.D. (18 May) earthquake

ID: 18

Reference

Location

Long. / Lat.

IO

M

O’Reilly (1885)

Smyrna (İzmir)

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VI

-

Papazachos and Papazachou
(1997)

Magnesia (Manisa)

39.200 N / 27.800 E

VII

M=7.0

Ambraseys (2009)

North Aegean

-

-

-

The 1644 A.D. earthquake

ID: 19

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Smyrna (İzmir)

-

-

-

Ergin et al. (1967)

Smyrna

38.400 N / 27.200 E

VII

-

Soysal et al. (1981)

Smyrna

38.410 N / 27.200 E

VII

-

The 1653 A.D. earthquake

ID: 20

Reference

Location

Long. / Lat.

IO

M

Seyfart (1756)

Smyrna (İzmir)

-

-

-
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von Hoff (1840)

Smyrna

-

-

-

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Milne (1911)

Smyrna

-

-

-

Sieberg (1932)

Aydın

-

-

-

Calvi (1941)

Aydın, Smyrna

-

-

-

Pınar and Lahn (1952)

West Anatolia

-

-

-

Ergin et al. (1967)

West Anatolia

38.410 N / 27.200 E

X

-

Shebalin et al. (1974)

-

38.500 N / 27.200 E

X

-

Soysal et al. (1981)

Aydın

38.400 N / 27.200 E

IX

-

Papazachos and Papazachou
(1997)

Aydın

37.860 N / 27.800 E

X

M=7.1

Ambraseys and Jackson (1998)

-

37.900 N / 28.500 E

Utsu (2002)

-

38.300 N / 27.100 E

X

-

Taxeidis (2003)

Aydın

37.920 N / 28.030 E

IX-X

Mw=6.9

Ambraseys (2009)

Menderes Valley

-

-

-

M=7.1

The 1654 A.D. (22 May) earthquake

ID: 21

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Smyrna (İzmir)

-

-

-

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VI

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

VI

-

Papazachos and Papazachou
(1997)

Smyrna

38.500 N / 27.100 E

VIII

M=6.4

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

Mw=5.6
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Ambraseys (2009)

Smyrna

-

-

-

von Hoff (1840) and Mallet and Mallet (1858) noted that the Smyrna-based earthquake was felt
in various parts of Asia Minor. They also noted that this probably corresponded to the previous
year's earthquake. Similarly, Seyfart (1756) states that the earthquake may be dated to 1653.
d’Arvieux (1735) mentions that, after the first shock on May 20, the seismic sequence continued
for about a month, with five or more tremors being felt each day. The earth surface shook heavily,
the houses were shaken as if they were going to collide with each other, tiles fell from everywhere,
and people even had difficulty standing (d'Arvieux, 1735; Frangakis-Syrett, 1992; Ambraseys and
Finkel, 1995; Papazachos and Papazachou, 1997; Ambraseys, 2009). Although the ground
shakings that caused great panic in Smyrna were hard enough to throw people to the ground, the
total damage does not appear to be too extensive, though (d’Arvieux, 1735; Ambraseys, 2009;
Beyru, 2011). Some of the peoples left their homes and camped in open areas, and the Franks,
who began to sleep on ships, felt the quakes on land here as well (d’Arvieux, 1735; Papazachos
and Papazachou, 1997; Ambraseys, 2009). d’Arvieux (1735) mentions that there were low-rise
houses made mostly of wooden frames and brick due to frequent earthquakes in Smyrna. He also
noted that, in several parts of Smyrna, several water-carrying channels and trenches were damaged
during the earthquake, but these channels were not repaired because of the water loss due to the
crevices that were formed.

The 1664 A.D. earthquake

ID: 22

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Smyrna (İzmir)

-

-

-

O’Reilly (1885)

Smyrna

Pınar and Lahn (1952)

Smyrna

Ergin et al. (1967)

Smyrna

38.400 N / 27.200 E

VII

-

Soysal et al. (1981)

Smyrna

38.410 N / 27.200 E

VII

-

Ambraseys and Finkel (1995)

Smyrna

-

-

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

Mw=5.4

The 1668 A.D. earthquake

ID: 23

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Asia Minor, Smyrna (İzmir)

-

-

-

Perrey (1848)

Smyrna

-

-

-
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Sieberg (1932)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

IX

-

Shebalin et al. (1974)

-

38.400 N / 27.100 E

IX

-

Soysal et al. (1981)

Smyrna

38.500 N / 27.000 E

-

-

Ganse and Nelson (1982)

Turkey

38.410 N / 27.200 E

IX

-

Dunbar et al. (1992)

Turkey, Izmir

38.400 N / 26.90 E

X

-

von Hoff (1840) notes soil compactions occurring in various areas of Izmir and its vicinity,
between July 3 and September 13, 1668, after a violent earthquake that took place in the city.
Sieberg (1932) and Calvi (1941), who gave the date of the earthquake as July 10, 1668, state that
the earthquake caused destruction in Izmir city center and its vicinity. It was noted that there were
wide openings on the soil ground (Sieberg, 1932; Pınar and Lahn, 1952). There are reports that
the earthquake caused a tsunami (Calvi, 1941). The damage increased even more with the fire
following the earthquake (Pınar and Lahn, 1952), and approximately 3000 people lost their lives
(Calvi, 1941).
A note recorded by the secretary of the French ambassador in Izmir in 1674, mentioned a severe
earthquake that took place in Izmir a few years ago. Accordingly, more than half of the city was
destroyed and turned into a pile of debris in the earthquake, which could most probably be the
earthquake of 1668. It was also noted that the earthquake uprooted and knocked down almost all
trees in the city (Zachariadou, 2001).

The 1680 A.D. (14 FEBRUARY) earthquake

ID: 24

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (1995)

Smyrna (İzmir)

-

-

-

Papazachos and Papazachous
(1997)

Smyrna

38.400 N / 27.200 E

VII

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VIII

-

Ambraseys (2009)

Smyrna

-

-

-

In the massive earthquake that occurred in Izmir on February 14, 1680, 3 villages were destroyed
in an area 10 miles in diameter with a distance of three miles from each other (Papazachos and
Papazachou, 1997; Taxeidis, 2003). It was reported, in the earthquake the village of Carbon (NifKarabel) at a distance of one and a half hours from Izmir remained under a mountain that fell on
it (Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys,
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2009). The damage was mostly concentrated in the areas around Izmir (Ambraseys, 2009). The
fact that no damage was reported from Izmir city center was probably because the houses at the
time in Izmir were built to withstand earthquakes (Taxeidis, 2003).

The 1688 A.D. (10 July) earthquake

ID: 25

Reference

Location

Long. / Lat.

IO

M

Bonito (1691)

Smyrna (İzmir)

-

-

-

Seyfart (1756)

Smyrna

-

-

-

von Hoff (1840)

Smyrna

-

-

-

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

Schmidt (1879; 1881)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Milne (1911)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.400 N / 26.900 E

X

-

Shebalin et al. (1974)

-

38.400 N / 26.900 E

X

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

X

-

Ganse and Nelson (1982)

Smyrna

38.400 N / 27.100 E

Dunbar et al. (1992)

Smyrna

38.400 N / 27.100 E

X

-

Ambraseys and Finkel (1995)

Smyrna

-

-

-

Papazachos and Papazachou
(1997)

Smyrna

38.380 N / 27.170 E

X

M=6.8

Utsu (2002)

Smyrna

-

-

M=7.0

Taxeidis (2003)

Smyrna

38.360 N / 27.150 E

X

Mw=7.2

Ambraseys (2009)

Smyrna

-

-

-

-

In 1688, letters from traders in Izmir wrote that an earthquake that destroyed all the houses in the
city occurred in July (Bonito, 1691). The entire beauty of Izmir, almost all of which became a pile
of debris, was lost (Seyfart, 1756). The earthquake that occurred on the 10th of July 1688 at 11:45
a.m. lasted for 30 seconds (von Hoff, 1840; Mallet and Mallet, 1858; Ambraseys and Finkel, 1995;
Papazachos and Papazachou, 1997; Taxeidis, 2003). The earthquake started with a movement
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from the West to the East (von Hoff, 1840; Mallet and Mallet, 1858). Although the walls extending
to the North and South stood upright, all the walls extending to the East and West were demolished
in in the city (Mallet and Mallet, 1858; Ambraseys and Finkel, 1995; Taxeidis, 2003). After the
main shock, 12 more quakes were reported during the day, and the quakes continued for two
weeks (von Hoff, 1840; O’Reilly, 1885). Milne (1911), due to its effects, defined this earthquake
as a level III earthquake, which creates cracks on the earth's surface.
The earthquake in which three-quarters of Izmir was destroyed started with the collapse of Sancak
Castle on a peninsula at the entrance of Smyrna Bay (Slaars and Iconomos, 1868; Papazachos and
Papazachou, 1997; Ambraseys, 2009). The ground on which the Sancak Burnu Fortress was
located cracked and sank into the sea and turned into an islet leaving the mainland with a 30 m
wide extension (von Hoff, 1840; Mallet and Mallet, 1858; Schmidt, 1879, 1881; Calvi, 1941).
Three-quarters of the houses around the fortress were demolished and some trees were uprooted
and knocked down (Slaars and Iconomos, 1868). In the inner parts of the city, the surface of the
ground went down 2 feet (von Hoff, 1840; Mallet and Mallet, 1858). The settlements in the
Smyrna coast were moved to the inner parts of the city due to the ground sinking 60 cm
(Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys, 2009). Most of the destruction
in the earthquake occurred in the low-level plain areas of Izmir (Ambraseys and Finkel, 1995;
Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys, 2009). In the earthquake, only a
few houses close to the mountain were not destroyed, and cracks occurred in houses that remained
intact (Bonito, 1691). It was reported that the fortress on Mount Pagus (Kadifekale) was not
destroyed (Rolleston, 1856). Slaars and Iconomos (1868) state that the Aziz Petrus (St. Pierre)
fortress was also the least affected place by the earthquake. In a letter sent from Izmir to the Irish
State Secretary on 23 August 1688, it is mentioned that the earthquake destroyed everything
except a small chapel that stood far uptown in the city (von Scherzer, 1873). The alluvial plain in
front of the Mount Pagus collapsed about 30 cm and large fissuring occurred on the ground (Ülker,
1982).
Most of the main buildings, public buildings, many churches and mosques in the city center were
destroyed in the earthquake (Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997;
Taxeidis, 2003; Ambraseys, 2009). Only 3 of the 17 large mosques in the city survived (Ülker,
1982; Ambraseys and Finkel, 1995). The Fazlizade and Biyiklizade mosques and the three
Catholic churches of Capuchins, Jesuits and Congregationists, were completely destroyed (Slaars
and Iconomos, 1868; Ülker, 1982; Ambraseys and Finkel, 1995; Beyru, 2011). The Armenian
Church, Aziz Fotini (St. Photini) chapel and the Greek Metropolitan Church were completely
destroyed. The Church of St. George located in the Orthodox cemetery was severely damaged
(Slaars and Iconomos, 1868; Ülker, 1982). All inns and shops were demolished except for Koprulu
Inn, which had stone walls and a lead roof, and the Cottonspinners Inn at the end of the main
market (Ülker, 1982; Ambaraseys and Finkel, 1995; Ambraseys, 2009). The first building
demolished in the city center was the Old Customs Building, its walls and roof collapsed (Slaars
and Iconomos, 1868; Zachariadou, 2001; Beyru, 2011). The damage was particularly severe on
the seaside of the foreign consulates region (Ambraseys and Finkel, 1995). In the high parts of the
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city and the surrounding hills, the damage was less severe, and the damage decreased moving
away from Smyrna (Taxeidis, 2003; Ambraseys, 2009).
A few hours after the earthquake, a fire started and increased the damage (Bonito, 1691). Causing
severe damage, especially in the European-style part of the city, the fire spread to Franck Street
(Rue des Francs) and to the Armenian Quarter, Apono Mahalas (Slaars and Iconomos, 1868;
Calvi, 1941; Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Beyru, 2011).
In the earthquake, the ground was torn in the area of Izmir near sea level, and black waters emitting
stench came out from the crevices, and cracks formed. Soon after, the land was filled with dead
fish (Slaars and Iconomos, 1868; Beyru, 2011). After the earthquake, an intense smell of sulfur
spread (von Scherzer, 1873). The earthquake was also felt on ships sailing near Smyrna Bay (von
Hoff, 1840). It was reported that the earthquake created a seismic sea wave that affected Smyrna
Bay (Taxeidis, 2003; Ambraseys, 2009). After this disaster, it was realized that the sea frequently
moved towards the city with Southwest winds (Slaars and Iconomos, 1868).
Several houses in Seydikoy, Turgutlu, Alasehir and Manisa were destroyed in the earthquake
(Papazachos and Papazachou, 1997; Taxeidis, 2003). Due to the earthquake, some springs
existing in Seydikoy dried up and new ones started to flow (Slaars and Iconomos, 1868; Calvi,
1941; Ambraseys, 2009; Beyru, 2011). One of them is said to be capable of rotating two mills
(Beyru, 2011). The earthquake was felt in Foca, Chios, Naxos, Scala Nova (Kusadasi), Lesvos
and Istanbul, but did not cause any damage there (Ambraseys and Finkel, 1995; Papazachos and
Papazachou, 1997; Taxeidis, 2003; Ambraseys, 2009). European traders moved out of Izmir and
established new trading areas in Chios, Foca, or Manisa (Ambraseys, 2009). The French moved
their consulates to Budja (Buca), which suffered little damage from the earthquake (Slaars and
Iconomos, 1868).
The earthquake affected the Izmir population significantly. As it was an important and popular
city for traders, 25–30 thousand people from different nations lost their lives (Bonito, 1691).
Mallet and Mallet (1858) states that the number of people who were killed in the earthquake was
15–20 thousand. Von Scherzer (1873), on the other hand, mentions that the death toll was 19
thousand in the French reports. In some sources, the death toll was given as 17,500 (Ganse and
Nelson, 1982; Dunbar et al., 1992; Utsu, 2002).

The 1690 A.D. (13 January) earthquake

ID: 26

Reference

Location

Long. / Lat.

IO

M

Seyfart (1756)

Smyrna (İzmir)

-

-

-

von Hoff (1840)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-
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Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.400 N / 27.200 E

VI

-

Soysal et al. (1981)

Smyrna

38.410 N / 27.200 E

VI

-

Ambraseys and Finkel (1995)

Smyrna

-

-

-

Papazachos and Papazachou
(1997)

Smyrna

38.600 N / 27.400 E

VII

M=6.4

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VI-VII

M=5.4

Ambraseys (2009)

Smyrna

-

-

-

The 1709 A.D. (3 July) earthquake

ID: 27

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (1995)

Phokaia (Foça)

-

-

-

Taxeidis (2003)

Phokaia

38.670 N / 26.760 E

IX

Mw=6.6

Ambraseys (2009)

Phokaia

-

-

-

The earthquake that occurred on 3 July 1709 caused the destruction of Foca Castle located in the
Northwest of Izmir (Taxeidis, 2003; Ambraseys, 2009). The earthquake caused serious damage,
but only damage to the Foca Fortress was reported (Taxeidis, 2003). The walls on the west side
of the castle collapsed. All six towers were destroyed (Taxeidis, 2003; Ambraseys, 2009). The
minaret of the mosque near the inner castle was destroyed (Ambraseys and Finkel, 1995; Taxeidis,
2003), and the inner castle door was damaged (Ambraseys, 2009). Thirt to forty houses within the
castle were either destroyed or severely damaged (Ambraseys, 2009). The earthquake was also
felt in Izmir (Taxeidis, 2003).

The 1719 A.D. earthquake

ID: 28

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Smyrna (İzmir)

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Milne (1911)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-
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Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VII

-

Shebalin et al. (1974)

-

38.500 N / 27.000 E

VIII-IX

-

Soysal et al. (1981)

Smyrna

38.500 N / 27.000 E

VIII

-

The 1723 A.D. earthquake

ID: 29

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (19959

Smyrna (İzmir)

-

-

-

Papazachos and Papazachou
(1997)

Smyrna

38.400 N / 27.000 E

VIII

M=6.4

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VIII

Mw=5.9

Ambraseys (2009)

Smyrna

-

-

-

In an earthquake in Izmir in August 1723, around 60 houses collapsed and nearly 500 people were
killed (Baykara, 1974; Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis,
2003; Ambraseys, 2009).

The 1739 A.D. (24 March) earthquake

ID: 30

Reference

Location

Long. / Lat.

IO

M

von Hoff (1840)

Smyrna (İzmir)

-

-

-

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Perrey (1848)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VIII

-

Sheblin et al. (1974)

-

38.500 N / 27.000 E

VIII-IX

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.000 E

V

-

In the severe earthquake that occurred in Izmir at 6 am on March 24, 1739, an island at the entrance
of the port became a shallow area like a sandbox as it sunk into the sea (von Hoff, 1840; Mallet
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and Mallet, 1858; Calvi, 1941). The movement was in the form of a flux that spread from the
South to the North, but it shook like a lightning strike following a zigzag shape (von Hoff, 1840;
O’Reilly, 1885). Mackenzie (1750) defined this earthquake as a lightning strike that created sharp
angles in the lateral direction from South to North. Some houses in Smyrna were destroyed in the
earthquake, and many people were killed and trapped under the rubble (Pacocke, 1743). Pınar and
Lahn (1952) state that with this earthquake, shifts occurred in the coastal areas and the water depth
at the port entrance changed. The earthquake created cracks in almost all houses near the shore in
the city. Old and New Foca were also damaged, and 13 people were killed in Agria. A roar and a
stench that spread with the earthquake are also mentioned (Ambraseys, 2009).

The 1739 A.D. (4 April) earthquake

ID: 31

Reference

Location

Long. / Lat.

IO

M

Soysal et al. (1981)

Phokaia (Foça)

38.400 N / 27.200 E

IX

-

Galanopoulos (1981)

Smyrna (İzmir)

-

-

-

Ambraseys and Finkel (1995)

Phokaia

-

-

-

Papazachos and Papazachou
(1997)

Phokaia

38.500 N / 26.900 E

IX

M=6.8

Taxeidis (20039

Smyrna

39.590 N / 26.870 E

IX-X

Mw=6.9

Ambraseys (2009)

Phokaia

-

-

-

The destructive earthquake that occurred at 04.15 a.m. hit mostly Old Foca (Ambraseys and
Finkel, 1995; Ambraseys, 2009). Three-quarters of Old Foca was destroyed, and tar-like fluid
outflows were observed from the cracks on the ground (Papazachos and Papazachou, 1997;
Taxeidis, 2003; Ambraseys, 2009). The walls, gates, and towers of Foca-i Atik, Foca-i Cedid, and
Bogaz-i Cedid castles in Foca Bay were damaged (Ambraseys, 2009). Smyrna was equally
affected by the earthquake. Some houses were demolished due to the massive earthquake
(Pacocke, 1743), especially in the European part which was close to the sea, extensive damage
occurred. The French and Venetian consulates, the parish church, the Jesuits, and the Capusins
churches in this area collapsed. Some houses, especially in the French district, were partially
demolished (Zachariadou, 2001; Beyru, 2011). There was not much damage in Turkish and Greek
neighborhoods except for the collapse of three minarets (Ambraseys and Finkel, 1995;
Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys, 2009). The structures that were
not damaged in the first shock were damaged by ongoing shocks, and partially damaged structures
collapsed (Beyru, 2011). The earthquake also destroyed several houses in Chios (Taxeidis, 2003).
It is stated that the delta in the mouth of the Gediz River (Agria) collapsed and flooded due to the
earthquake (Baykara, 1974).

The 1771 A.D. (1 September) earthquake

ID: 32

22

Reference

Location

Long. / Lat.

IO

M

Taxeidis (2003)

Nif (Kemalpaşa)

38.420 N / 27.550 E

IX

-

Ambraseys (2009)

Troketta (Turgutlu)

-

-

-

The earthquake that caused damage in the Manisa region, particularly affected Kemalpasa and
Turgutlu (Taxeidis, 2003). Nymphaeum (near Nif), Turgutlu and Parsa were partially destroyed.
There was no loss of life. The earthquake was also strongly felt in Izmir (Taxeidis, 2003;
Ambraseys, 2009). Furthermore, it was reported that the main shock affected the mines near Nif
(Ambraseys, 2009).

The 1772 A.D. (24 November) earthquake

ID: 33

Reference

Location

Long. / Lat.

IO

M

Ambraseys and Finkel (1995)

Phokaia (Foça)

-

-

-

Papazachos and Papazachou
(1997)

Phokaia

38.800 N / 26.700 E

VIII

M=6.4

Taxeidis (2003)

Phokaia

38.870 N / 26.660 E

VIII

M=6.2

Ambraseys (2009)

Phokaia

-

-

-

The earthquake that occurred at 07.45 a.m. completely damaged a mosque in Foca fortress
(Papazachos and Papazachou, 1997). Five of the ten doors of the cannon factory in the castle were
destroyed and seismic waves occurred due to the earthquake (Taxeidis, 2003). It was also strongly
felt in Lesvos and it caused some houses to collapse (Ambraseys, 2009). The earthquake was also
felt in Chios but did not cause any damage (Papazachos and Papazachou, 1997; Taxeidis, 2003;
Ambraseys, 2009).

The 1776 A.D. earthquake

ID: 34

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Smyrna (İzmir)

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VIII

-

Shebalin et al. (1974)

-

38.400 N / 27.200 E

VIII

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

VIII

-
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The 1778 A.D. earthquake

ID: 35

Reference

Location

Long. / Lat.

IO

M

von Hoff (1841)

Smyrna (İzmir)

-

-

-

Perrey (1848)

Smyrna

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

Schmidt (1879;1881)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VI

-

Shebalin et al. (1974)

Smyrna

38.500 N / 27.000 E

VIII

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

VIII

-

Dunbar et al. (1992)

Smyrna

38.500 N / 27.000 E

X

-

Ambraseys and Finkel (1995)

Smyrna

-

-

-

Papazachos and Papazachou
(1997)

Smyrna

38.400 N / 26.800 E

IX

M=6.4

Taxeidis (2003)

Smyrna

38.410 N / 27.150 E

IX-X

Mw=6.9

Ambraseys (2009)

Smyrna

-

-

-

A rather severe earthquake occurred in Smyrna in 1778 (von Hoff, 1841; Mallet and Mallet, 1858;
Schmidt, 1879, 1881; Calvi, 1941). In the first shock experienced on June 16, the minarets of the
mosques in Smyrna were demolished and many houses were damaged (Slaars and Iconomos,
1868). Soysal et al. (1981) mention that this earthquake could be the foreshock of the earthquake
that occurred on 3 July. It was reported that 63 earthquakes occurred in 1778 in Smyrna (O’Reilly,
1885).
The earthquake that occurred at 02:30 on the night of July 3 lasted about 15 s and during this
period almost completely destroyed Smyrna (von Hoff, 1841; Slaars and Iconomos, 1868;
Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys,
2009; Beyru, 2011). Ambraseys (2009) defines this earthquake as the main shock of the longstanding earthquake sequence. Before the rather severe earthquake, a sound like a fireball came
from under the ground and the shocks continued until midnight (Mallet and Mallet, 1858).
Slaars and Iconomos (1868) mention that the disaster that the city of Smyrna experienced in 1688
was repeated with this earthquake under the same conditions. Many houses were destroyed and
many people were killed in the earthquake that damaged almost the entire city (Rolleston, 1856;
Mallet and Mallet, 1858; Slaars and Iconomos, 1868). Four mosques, notably the Great Mosque,
which was damaged in previous shocks, were demolished (Slaars and Iconomos, 1868;
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Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis, 2003; Beyru, 2011).
Cracks were formed in the buildings that did not collapse bringing them to the brink of collapse
(Taxeidis, 2003; Ambraseys, 2009).
It was reported that the damage in the European part, which was reconstructed after being
damaged in the earthquake of 1739, was to a lesser degree in contrast with other areas (Ambraseys
and Finkel, 1995; Taxeidis, 2003; Ambraseys, 2009). The Greek neighborhood experienced more
destruction due to the landslide near the Agia Fotini cathedral caused by the earthquake (Taxeidis,
2003). One of the areas where the effect of the earthquake was felt most was the place called the
“Three Corners” on Frank Street. Large cracks were opened on the ground of this area that people
fell into (Clarke, 1880).
Clarke (1880) states that during the earthquake, landslides occurred from the area called Castle
Hill on Mount Pagus to the open areas of Smyrna. He also mentions the springs that emerged and
states that water was freely available from any well up to 600 feet from the sea within a few hours
after the earthquake.
Apart from the damage done to most of the city from the earthquake, the resulting fire following
the earthquake magnified the destruction (Rolleston, 1856; Mallet and Mallet, 1858). The fire
started in a Greek house adjacent to Dervish Han and lasted 36 hours. The French, Venitian, and
British consulates, the customs house, and many Greek shops were destroyed by fire (Slaars and
Iconomos, 1868; Taxeidis, 2003; Beyru, 2011).
Papazachos and Papazachou (1997) state that another destructive earthquake occurred on July 5,
which was equally as severe as the first. Two captains anchored in the port of Urla reported that
the coast of Urla sank in the earthquake and that a dense smoke emerged from a long crack that
was formed (Ambraseys and Finkel, 1995; Ambraseys, 2009). Another captain, 18 miles from
Smyrna Port, stated that it was cracked opposite the place where his damaged ship was anchored
(Ambraseys and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis, 2003; Ambraseys,
2009). Although there is no information about the damage in the surrounding settlements, it is
recorded that the damage spread to the areas in Seydikoy and to the area to its West (Ambraseys
and Finkel, 1995; Papazachos and Papazachou, 1997; Taxeidis, 2003). Furthermore, cracks were
recorded on the soil ground near Ephesus (Ambraseys and Finkel, 1995; Taxeidis, 2003).

The 1817 A.D. ( 31 October) earthquake

ID: 36

Reference

Location

Long. / Lat.

IO

M

Mallet and Mallet (1858)

Smyrna (İzmir)

-

-

-

O’Reilly (1885)

Smyrna

-

-

-
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Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VI

-

Shebalin et al. (1974)

-

38.750 N / 27.000 E

VII

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

VI

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

Mw=5.3

Ambraseys (2009)

Smyrna

-

-

-

The 1828 A.D. earthquake

ID: 37

Reference

Location

Long. / Lat.

IO

M

von Hoff (1841)

Smyrna (İzmir)

-

-

-

Mallet and Mallet (1858)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Smyrna

38.410 N / 27.200 E

VII

-

Shebalin et al. (1974)

-

38.400 N / 27.200 E

VII

-

Soysal et al. (1981)

Smyrna

38.400 N / 27.200 E

VII

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

Mw=5.3

Ambraseys (2009)

Smyrna

-

-

-

The 1845 A.D. (23 June) earthquake

ID: 38

Reference

Location

Long. / Lat.

IO

M

Perrey (1848)

Magnesia (Manisa)

-

-

-

Pınar and Lahn (1952)

Manisa, Smyrna (İzmir

-

-

-

Shebalin et al. (1974)

-

38.500 N / 27.000 E

VIII-IX

-

Soysal et al. (1981)

Manisa

38.600 N / 27.500 E

VIII

-

Papazachos and Papazachou
(1997)

Manisa

38.600 N / 27.500 E

IX

M=6.7

26

Taxeidis (2003)

Manisa

38.600 N / 27.430 E

VIII-IX

Mw=6.2

In a letter sent to Constaninople on July 23, it was stated that the earthquake that occurred in
Western Anatolia about one month ago caused destruction in almost the entire city of Manisa
(Perrey, 1848). The earthquake caused damage in Smyrna and its surrounding areas and caused
rockfalls in some parts (Papazachos and Papazachou, 1997; Taxeidis, 2003).

The 1846 A.D. (25 June) earthquake

ID: 39

Reference

Location

Long. / Lat.

IO

M

Perrey (1848)

Smyrna (İzmir)

-

-

-

Schmidt (1879; 1881)

Smyrna

-

-

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

-

Ambraseys (2009)

Smyrna

-

-

-

In Smyrna, a strong shock with a pushing shape was felt after two slight quakes (Schmidt, 1881).
This tremendous shock caused landslides in certain areas of Smyrna (Perrey, 1848). The
earthquake that lasted for a few seconds caused some houses in Smyrna to collapse and the walls
of others to crack. The damage is reported to have spread to the vicinity of Burnabad (Bornova)
(Ambraseys, 2009). The direction of motion of the quake is given as NW-SE (Beyru, 2011).

The 1850 A.D. earthquake

ID: 40

Reference

Location

Long. / Lat.

IO

M

Perrey (1851)

Smyrna

-

-

-

Schmidt (1879; 1881)

Smyrna

-

-

-

O’Reilly (1885)

Smyrna

-

-

-

Calvi (1941)

Smyrna

-

-

-

Pınar and Lahn (1952)

West Anatolia

-

-

-

Ergin et al. (1967)

West Anatolia

38.420 N / 27.450 E

VIII

-

Shebalin et al. (1974)

-

38.500 N / 27.000 E

VII

-

Soysal et al. (1981)

Kemalpaşa, Turgutlu

38.400 N / 27.450 E

VIII

-

Taxeidis (2003)

Smyrna

38.420 N / 27.150 E

VII

Mw=5.3

27

Ambraseys (2009)

Smyrna

-

-

-

A severe earthquake with shocks from NW to SE and lasting 14 seconds occurred at 03:10 am on
April 3, 1850 (Perrey, 1851). In the earthquake in which many houses in Smyrna were damaged,
the town of Nymphio, 4 miles from Smyrna, was the place receiving the most damage. Here, it
was reported that massive masses that broke from the mountain uprooted even trees and dragged
them to the center of the city. Cracks were recorded in the mountains surrounding Smyrna Bay
(Perrey, 1851; Schmidt, 1881; Calvi, 1941). According to the information given by Pınar and
Lahn (1952), the earthquake opened cracks in the town of Kemalpasa and caused damage in Izmir,
Manisa, and Turgutlu. Forty houses and one church were destroyed in Nymphio (Ambraseys,
2009). The earthquake triggered rockfalls and caused landslides in some areas. The bed of the
Kemalpasa river and the taste of its water changed (Beyru, 2011). Burnabad (Bornova), Budja
(Buca) and Seydikoy villages located between Nymphio and Smyrna were also damaged in the
earthquake (Taxeidis, 2003; Ambraseys, 2009). Further west, rocks fell into the city from
mountain slopes on the south side of Smyrna Bay (Ambraseys, 2009). A Smyrna Greek church,
the Armenian College, Austrian consulate and several mosques were badly damaged in the
earthquake. Cracks and crevices were formed on all the hills surrounding the bay (Beyru, 2011).

The 1856 A.D. (13 November) earthquake

ID: 41

Reference

Location

Long. / Lat.

IO

M

Schmidt (1879; 1881)

Chios (Sakız island)

-

-

-

Shebalin et al. (1974)

-

38.250 N / 26.250 E

IX

-

Papazachos and Papazachou
(1997)

Chios

38.400 N / 26.100 E

VIII

-

Taxeidis (2003)

Chios

38.370 N / 26.130 E

VIII

-

The 1862 A.D. earthquake

ID: 42

Reference

Location

Long. / Lat.

IO

M

Schmidt (1879; 1881)

Smyrna (İzmir)

-

-

-

Milne (1911)

İzmir, Isparta, Afyon

-

-

-

Papazachos and Papazachou
(1997)

Troketta (Turgutlu)

38.500 N / 27.900 E

IX

M=6.9

Taxeidis (2003)

Turgutlu

38.500 N / 27.710 E

IX

Mw=6.6

28

An earthquake destroyed all the houses in Cassaba (Turgutlu), causing damage in the surrounding
villages and 280 people were killed (Papazachos and Papazachou, 1997; Taxeidis, 2003). The
earthquake was also felt in Smyrna, Chios, Aydin, Nazilli and Denizli (Taxeidis, 2003).

The 1865 A.D. (11 November) earthquake

ID: 43

Reference

Location

Long. / Lat.

IO

M

Papazachos and Papazachou
(1997)

Chios (Sakız island)

38.300 N / 26.200 E

VIII

M=6.1

Taxeidis (2003)

Chios

38.370 N / 26.130 E

VIII

M=6.2

The 1866 A.D. (22 January) earthquake

ID: 44

Reference

Location

Long. / Lat.

IO

M

Shebalin et al. (1974)

-

38.250 N / 26.250 E

VIII

M=6.1

Soysal et al. (1981)

Chios (Sakız island) and
Aegean Sea

38.250 N / 26.250 E

VIII

Papazachos and Papazachou
(1997)

Chios

38.400 N / 26.000 E

VIII

M=6.4

Taxeidis (2003)

Chios

38.370 N / 26.130 E

VIII

Mw=5.9

The 1870 A.D. earthquake

ID: 45

Reference

Location

Long. / Lat.

IO

M

Calvi (1941)

Smyrna (İzmir)

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Soysal et al. (1981)

Smyrna

38.400 N / 26.150 E

VIII

-

The 1875 A.D. (1 November) earthquake

ID: 46

Reference

Location

Long. / Lat.

IO

M

Calvi (1941)

Smyrna (İzmir)

-

-

-

Pınar and Lahn (1952)

Smyrna

-

-

-

Ergin et al. (1967)

Karaburun, Mordoğan

38.500 N / 26.400 E

VI

-
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Taxeidis (2003)

Karaburun

38.560 N / 26.570 E

VIII

M=6.2

Ambraseys (2009)

Karaburun

-

-

-

The 1880 A.D. (29 July) earthquake

ID: 47

Reference

Location

Long. / Lat.

IO

M

Milne (1911)

Smyrna (İzmir)

-

-

-

Sieberg (1932)

Menemen

-

-

-

Calvi (1941)

Menemen

-

-

-

Pınar and Lahn (1952)

Menemen

-

-

-

Ergin et al. (1967)

İzmir and Gediz

38.600 N / 27.100 E

IX

-

Shabalin et al. (1974)

-

38.600 N / 27.100 E

IX

-

Soysal et al. (1981)

Menemen

38.600 N / 27.100 E

-

-

Ganse and Nelson (1982)

Smyrna

38.600 N / 27.100 E

-

-

Dunbar et al. (1992)

Smyrna

38.600 N / 27.100 E

-

-

Menemen

38.500 N / 27.200 E

IX

M=6.7

Emiralan

38.600 N / 27.200 E

-

M=6.5

Utsu (2002)

Smyrna

38.100 N / 27.800 E

-

M=6.1

Taxeidis (2003)

Menemen

38.550 N / 27.240 E

IX

M=6.7

Ambraseys (2009)

Menemen

-

-

-

Papazachos and Papazachou
(1997)
Ambraseys and Jackson
(1998)

The earthquake, which had a devastating effect especially in Menemen, caused damage in the
Smyrna, Manisa, and Alasehir settlements (Sieberg, 1932). Pınar and Lahn (1952) mention that
the earthquake caused damage at various locations in the Izmir and Gediz areas. Milne (1911)
defines this earthquake as a second degree in terms of damage distribution. The earthquake was
particularly destructive in the lower areas of the Hermus (Gediz) river in the Menemen region
(Ambraseys, 2009). Pınar and Lahn (1952) state that the epicenter of the earthquake was around
Menemen and that it was likely to be located in the N-S broken line of Izmir.
The earthquake that occurred at 04:50 in the morning started with NW shocks and lasted more
than 15 seconds (Taxeidis, 2003; Beyru, 2011). Almost all the houses in Menemen were
demolished (Sieberg, 1932; Calvi, 1941; Pınar and Lahn, 1952; Papazachos and Papazachou,
1997; Taxeidis, 2003). Six villages neighboring Menemen were devastated, and Hamidiye was
destroyed (Ambraseys, 2009). Two minarets were destroyed and five houses were damaged in
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Manisa (Taxeidis, 2003). Smyrna's Kordelio (Karsiyaka) and Burnabad (Bornova) settlements
were largely damaged (Pınar and Lahn, 1952; Ambraseys, 2009). Many houses and public
buildings were severely damaged or destroyed (Taxeidis, 2003). The Yamanlar village was
completely wiped out (Ambraseys, 2009). The earthquake was felt in Narlikoy, Pınarbasi, Isiklar
and Kemalpasa (Beyru, 2011), Fokea (Foca), Chios, Cesme, Efes, Philadelphia, but did not cause
any damage (Taxeidis, 2003).
The Izmir-Turgutlu railway line was cut by cracks (Pınar and Lahn, 1952). Water outflows were
observed from the cracks formed in the railway line (O’Reilly, 1885). Ground cracks were
recorded in the Menemen region (O'Reilly, 1885; Papazachos and Papazachou, 1997). Cracks of
up to a width of 2 m were reported (Beyru, 2011). It was reported that a miner fell in the crack
together with his horse on the Menemen plain (Taxeidis, 2003). The route of the Gediz river was
blocked due to the landslides triggered by the earthquake. Ground liquefaction was observed
approximately 5 km West of Menemen (Ambraseys, 2009). A large number of ferrous thermal
springs formed in the plains of Menemen and Manisa, and sulfurous cold waters gushed out
(Beyru, 2011), and water levels in wells increased in Izmir. New water sources emerged on the
slopes to the south of Manisa (Taxeidis, 2003; Ambraseys, 2009; Beyru, 2011). It was also
reported that the waters in Karagol lake flooded the shore forming large waves (Ambraseys,
2009).

The 1881 A.D. (3 April) earthquake

ID: 48

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Chios (Sakız island) and
Çeşme

-

-

-

Galanopoulos (1960)

Chios

-

-

-

Ergin et al. (1967)

Chios and Çeşme

38.300 N / 26.200 E

VI

-

Shebalin et al. (1974)

-

38.250 N / 26.250 E

X-XI

-

Soysal et al. (1981)

Chios and Çeşme

38.250 N / 26.100 E

X

-

Papazachos and Papazachou
(1997)

Chios

38.300 N / 26.200 E

IX

M=6.5

Taxeidis (2003)

Chios

38.270 N / 26.090 E

IX

Mw=6.6

Ambraseys (2009)

Chios

-

-

-

The 1883 A.D. (15 October) earthquake

ID: 49

Reference

Location

Long. / Lat.

IO

M

Milne (1911)

Chios (Sakız island) and
Smyrna (İzmir)

-

-

-
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Sieberg (1932)

Çeşme Peninsula

-

-

-

Calvi (1941)

Çeşme Peninsula

-

-

-

Pınar and Lahn (1952)

Çeşme Peninsula

-

-

-

Ergin et al. (1967)

Çeşme Peninsula

38.300 N / 26.300 E

IX

-

Shebalin et al. (1974)

-

38.400 N / 26.100 E

IX-X

-

Soysal et al. (1981)

Çeşme Peninsula

38.300 N / 26.300 E

IX

-

Papazachos and Papazachou
(1997)

Çeşme Peninsula

38.300 N / 26.600 E

IX

-

Taxeidis (2003)

Çeşme Peninsula

38.300 N / 26.430 E

IX

-

Ambraseys (2009)

Çeşme Peninsula

-

-

-

The 1888 A.D. (May) earthquake

ID: 50

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Chios (Sakız island),
Çeşme, Urla

-

-

-

Ergin et al (1967)

Chios, Çeşme, Urla

38.400 N / 26.100 E

VIII

-

38.400 N / 26.100 E

VIII

-

38.400 N / 26.100 E

VIII

-

Shebalin et al. (1974)
Soysal et al. (1981)

Çeşme Peninsula

The 1890 A.D. (14 December) earthquake

ID: 51

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Selçuk

-

-

-

Ergin et al. (1967)

Selçuk

37.850 N / 27.250 E

VI

-

Shabelin et al. (1974)

-

37.750 N / 26.750 E

VIII

-

Soysal et al. (1981)

Selçuk, Kuşadası, İzmir

-

VIII

-

Papazachos and Papazachou
(1997)

Ephesus (Efes)

37.900 N / 27.100 E

VIII

M=6.2

Taxeidis (2003)

Ephesus

37.850 N / 27.250 E

VIII

Mw=5.9

Ambraseys (2009)

Kuşadası

-

-

-

32
The 1891 A.D. (18 September) earthquake

ID: 52

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Söke

-

-

-

Taxeidis (2003)

Söke

37.750 N / 27.400 E

VIII

Mw=5.9

Ambraseys (2009)

Ephesus (Efes)

-

-

-

The 1895 A.D. earthquake

ID: 53

Reference

Location

Long. / Lat.

IO

M

Pınar and Lahn (1952)

Menemen

-

-

-

Ergin et al. (1967)

Menemen

38.600 N / 27.100 E

IX

-

Shebalin et al. (1974)

-

38.600 N / 27.100 E

IX

-

Soysal et al. (1981)

Menemen

38.600 N / 27.100 E

VIII

-

